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Foreword 


The present volume is the second of the two books which have been 
planned on elementary statics and dynamics. The first book on statics 
written by the same author had been published by NCERT in April, 1986, 
The two books together will cover all important topics of elementary 
Mechanics to meet primarily the needs of the Science students studying at 
the plus two stage. In some Slates, Mechanics has been included in the 
syllabus of Mathematics at the Senior Secondary stage. Students of these 
States as well as those appearing for many alTIndia competitive 
examinations may find these two books useful. Although Mechanics is 
studied m the books of physics, there is no scope of showing applications 
of various topics of mathematics in such books ; only the physical aspects 
are more emphasised. Students will find the application of various 
topics of mathematics such as trigonometry, algebra, geometry, 
mensuration, vector and calculus in these two volumes of Mechanics. 

The present volume, like the previous one on elementary statics, 
begins with very elenicntary topics of dynamics and contains a lot of 
enrichment materials to satisfy the needs of the bright and gifted students, 
A large number of easy and dilBcult problems of various types have been 
worked out and included in the exercises to enable students to prepare 
for various examinations, competitive and others, The S,I. system of all 
physical quantities has been used throughout the book. 

The necessity of producing two volumes of books on Mechanics for 
bright students has been felt for some time, NCERT, therefore, decided 
to undertake the production of these two volumes to meet the needs of 
Science students enrolled at ilie plus two stage. 

The manuscripts prepared by Dr S C. Das, Professor of Mathematics 
in NCERT’s Department of Education in Science and Mathematics has 
been reviewed thoroughly by the subject specialists from Universities, 
Colleges «Sc Schools all over the country in a national workshop organised 
by the Department. I am very glad to record my appreciation of the 
valuable contribution that Dr. Das has made through this book. I am 
also thankful to the subject specialists who were involved in the review of 
the rnanuscripts. 
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The council will appreciate suggeslion which may help iii furilicr 
improve the contents and the presentation of the booh. 


RLMALHOTRA 

fliffc/or 

National Council of 
Education Rcseotcli It 
Ttaininj * 


^^ew Delhi 



Preface 


The present book is the second oF my two books on Statics and 
Dynnmics. The first book on Statics was already published by NCERT 
in 1986. This book like the previous one is mainly intended for the 
students oF senior secondary classes for those States where it is included in 
the plus two syllabi of Mathematics. Students can also use this book for 
the preparation of various allTndia Competitive Examinations where 
questions arc asked in Mechanics. The need of studying Mechanics 
consisting of Static,s and Dynamics in schools has been discussed in the 
“Preface” of the earlier book. 

The topics chosen for this book arc based on those which arc 
followed by various States and various competitive examinations. 
Emphasis has been given on the basic theory as well as various types of 
challenging problems like that given in my previous book on Statics, 
Knowledge of mathematics beyond plus two stage has not been assumed 
anywhere in this book. A large number of problems, simple and difficult, 
have been worked out and given in the exercises so as to enable all 
students, gifted or average- to use the book without much difficulty. The 
S.I. System of all physical quantities has been used throughout this book. 
Some well known problems which were asked in various examinations 
have been inctuded in this book with slight modification by changing the 
system of units and removing the vagueness in the traditional language. 
A number of multiple-choice objective type questions from each topic 
have been given in the appendix to facilitate students appearing at various 
alblndia competitive examinations where this type of questions are 
generally asked. It is hoped that such students as well as students of 
physics may be benefited from this book. 

The manuscripts, prepared by me, have been reviewed thoroughly 
by teachers of Schools, Colleges and Universities, who are specialised in 
the subject, They arc Dr. A, Satyanarayan Rao, Andhra University, 
Prof. S. flasuli, Visva-Bliarali, Shantiniketan, West Bengal, Dr. H.B.P, 
Sinha, Science College, Patna, Dr. M.K. Sen, North Bengal University, 
West Bengal, Prof. N.R. Chakraborty. A C. ColJege, Jalpaiguri, West 
Bengal, Dr. P.K. Mukherjee, Deshbandhu College, New Delhi, Dr. P. 
Biswas, P.D. Women’s College, Jalpaiguri, Dr. P. Goswami, Deshbandhu 
College, New Delhi, Shri S. Shomc, Fauindra Dev Institution, Jalpaiguri, 
W..CI Reneal. Sliri N. Lahiri, B.K.C, Collcp, Calcutta, Shri S.S. Vashi^ 
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Samajdar, Sonali Girls’ School, Jalpaiguri, Shri D Saha, Jalpaiguri H S. 
School, Jalpaiguri, Miss. S. Majumdar, Sadar Girls’SchooUalpaiguri, 
Shri A. Banerjee, Adarsh Bidya Bhaban, Jalpaiguri and Shri M Guha, 
Kalna Maharaja’s H,S. School, Kalna, Biirdwan, West Bengal, They also 
developed the multiple-choice questions m the appendix, which were later 
revised by me. I am extremely grateful to all these teachers, I am also 
thankful to Shri D.D.Muhrlekar of Sardar Patel Vidyalaya, New Delhi, 
for his contribution in providing 'me with some good questions for this 
book, My thanks are also due to Shn A, Chakraborty of the Workshop 
Department of NCERT, New Delhi, who visualised the design of the 
Cover of this book 

Although maximum efforts have been made in detecting and remov¬ 
ing the errors in the book, I shall be very grateful to any reader who may 
bring out errors, if any, to my notice. Suggestions from the readers for 
further improvement of the book will be highly appreciated, 


S.C. Das 
Author 
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Chapter 1 


Some Fundamental Concepts 


1.1 Introduction 

Dynamics is a branch of Mechanics which deals with the action of 
forces on bodies. Dynamics deals with the motion of bodies under the 
action of forces This is subdivided into two parts ; (i) Kinematics and 
(ii) Kinetics. 

Kinematics deals with the geometry of motion without any 
consideration of the causes of motion and Kinetics deals with the effect of 
the forces on the action of the body. 

1 2 Some Definitions 

The definitions of a rigid body, particle, mass etc. have been given in 
the author’s book on "Elementary Statics’’. Here in this book, we give 
the definitions of some terms which will be used later in this book. 

Motion of a body or a particle is the change of position of the body 
or the particle. When it is not changing its position, it is said to be at rest. 
A body has two kinds of motion: rotatory and tianslatoiy. When all the 
particles of a body have exactly the same change of position in the same 
direction, the body is said to perform a translatory motion. In a rotatory 
motion, a body moves round a fixed point ora fixed axis. When both 
translatory and rotatory motions are absent, the body is said to be at 
rest or in equilibrium. Sometimes a body may have both the types 
of motion simultaneously This type of motion has been discussed 
in the advanced books of Dynamics. In this elementary book, we shall be 
concerned with translatory motion of a particle only. Motion of a particle 
may be uniform or "variable according to the manner of its movement 
with regard to time. The motion is said to be uniform when the 
particle passes over equal lengths of its path in equal intervals of 
time, however small, Otherwise, the the motion is said to be variable. 



2 


elementary dynamics 


Speed of a parLicle is the rate at which it describes its path, sti aight 
or cmved Speed does not give us any idea of direction. It is, therefore, 
a scalar quantity. Speed is uniform or variable according as equal or 
unequal lengths of path are described in any equal intervals, however 
small If a particle describes a distance S metres in time t seconds with 

s 

uniform motion, then its speed is — m/s In the case of variable speed, 

we require the average speed which is defined as the total distance divided 
by the total time. 

The displacement of a moving particle duiing any interval of time is 
the change of its position, which is indicated by the straight line joining its 
initial position and the final position Displacement gives us the idea of 
both magnitude and direction and so it is a vector quantity 

The velocity of a moving particle is the rate of change oJ its displace¬ 
ment. Thus, if V is the velocity and x is its displacement at any time t, 
then 



The velocity has both magnitude and direction and so it is a vector 
quantity. 

Remarks . (i) By “Velocity at an instant”, we mean "the” average 
velocity during a very short time containing the instant under consideration. 
By an average velocity, we mean the ratio of the displacement uxLdexgonei 
to the time taken Thus, if Sjc be the small displacement described in small 

time St, then the average velocity = 5 :-and 

ot 

„_Lim 

~St-*0st dt 


(ii) Strictly speaking, velocity should be denoted by V instead of 
simply V, since velocity is a vector quantity. But conventionally, we 
generally say that a particle has a velocity V. What we understand by this 
statement is that the particle has a velocity of magnitude F i.e. F is the 
speed in a definite direction. 


Acceleration is the rate of change of velocity. Thus, if F is the 
velocity at any time t and the displacement is x during this time, then 


acceleration /= 


dV _d^x 
dt dt^ 
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Thus, acceleration is also a vectoi quantity The above formula 
gives only the magnitude of the acceleration A negative acceleiation is 
called retardation 

1.3 A Remark on the Traditional Nomenclature of Physical Quantities 

We know that velocity, acceleiation, force, displacement, momentum, 
etc. arc all vector quantities, Hence, the following statements which arc 
conventionally used in books of Physics and Mechanics are strictly speak¬ 
ing wrong. 

(i) The velocity of a particle is lOm/s. 

(ii) A particle may have several displacements, say 15m, 8m, 3m m 
different directions. 

(ill) A force of 10 N acts at a point. 

(iv) The momentum of a body is 25 gramme-metre. 

It IS clear that vectors cannot be represented by numbers only. What 
we mean by the above statements IS simply the magnitudes of the concs- 
ponding vector quantities Thus when we say that the velocity of a 
particle is lOm/s, we mean that the velocity of the particle is of magiiituda 
lOm/s 

Similarly, olhei statements can be explained We shall very often 
use the same traditional language m this book but the actual meaning of 
the statements should be understood as explaidcd above. 

1.4 Solved Examples 

Ex. 1. Find the average speed of a bicycle over a journey of 50 km 
if it travels the first 10 km at 20 km/h, the second J2 km in Ih, the third 
24 km at 8 km/h and the last 4 km at 8 km/h. 

Time taken by the bicycle to travel the first 10 km=^Q li 

Similarly, the times taken by the bicycle to travel the second 12 km, 
the third 24 km and the last 4 km are respectively lh,-^h and -^-h i.e. 

Ih, 3h and-^ h. 

Hence, Ihe total time for the whole journey 
^ jh=5h. 

Also, the total distance=50 km. 
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„ , , Distance 

Hence, the average speed= 

=-^ km/h= 10 km/h 

EXERCISE 1 

1. A man walks a distance of 3 km towards the north-east at the 

rate of 6 km/h and then walks a distance of 4 km towards the 
south-east at the rate of 2 kra/h. Find the average speed of the 
man for the whole journey. [Ans. 2,8 km/hj 

2. A point moves m a straight line with a velocity of 3 m/s, After 

3s, it has an additional velocity of 4 m/s at right angles to its 
original direction of motion. Find its distance from the starting 
point 2 s after this. [Ans. 17 m] 

3 A particle moves towards east from A to B the rate of 

4 km/h and then towards north from S to C at the rate of 

5 km/h Filially It reaches i. If i4fl=12 km and 5C=10 km, 
find the average velocity of the particle for the whole journey, 

[Ans, Okm/h] 
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Composition £ind Resolution 
of Velocities 


2 1 ResiiUant and Components 

If a particle possesses several simultaneous velocities m different 
directions such that tlie joint effect of all the velocities is tlie same as if the 
particle moves with a single velocity in a definite direction, then this single 
velocity is called the resultant of the given velocities The given velocities 
are known as the components of the single lesultant. 

2 2 Fffli'allelogrnn? ot Velocities 

We know that if ^wo vectors are leprescntcil in ma'’nitude and 
direction by two adjacent sides of a parallelt giam, then timir resultant is 
represented in magnitude and dircclion by tlie iliagoiuil of the parallclo- 
pram drawn through the point of inte-.sccliot'of ti c two vectors. Since 
the ve]o'’ity fs .i vector quantity, vw can also hml the rcsulta'it of tw’O 
velocities possessed by a partn Ic in a. t'niilar way. '’’lie 1 , is gerw illy 
known as P^rallcloprain o‘ >cIo'it't's, whiih c 'li be atat d as follO' r,; 

If a partte'r has two simuUanenus vdocitLs leprt'se.'feJ in frapinHudc 
and dheclixn by two adjacent sides of a j araUdoip cmi '’rir 'n from rn ir'pidar 
pnri't, then their tesidtant is rep?psented in nidynitnch' and dircelioti by llie 
diago’n-l of the parallelogram draw?? fro??? that point. 

Some examples of particles or bodies posses.smg two or more simul¬ 
taneous velocities can he given. Suppose a boy is walking on the floor of 
a running tram with a ccrlam velocity Clearly, the boy possesses two 
velocities : his own velocity and the velocity of the train. A small insect 
moving on a boat whicti is again driven by a man in a defiiiilc direction in 
a river flowing with certain velocity in another direction has three 
velocities : (i) its own velocity (ii) the velocity of the boat and (iii) the 
velocity of the current 
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2.3 Analyticisl Expression for the Resultant of Two GiYen Velocities 


Let a particle at O have two velocities « and v represented by OA 
and OC respectively. We complete the parallelogram OA£C and join the 
diagonal OB. By parallelogram of velocities, OB represents the resultant 


velocity, say w, of u and v 

Let Z.COA=a. and A.BOA=6 



Fig 1 


We draw BD perpendicular to OA [fig. 1 (u)J or OA produced [fig, 1 (i)]. 
Clearly, OA=u, AB=OC=v and OB=w. /_BAD=a. in fig. 1 (i) and 
ABAD=1^0''—a in flg. 1 (ii). 

Now, m flg, 1 (i), we have from the right-angled triangle OBD, 
OB^=OD^+BD^ 

=> w'‘=iOA+ADy+BD^ 


=(m-I-v cos uy+v® sin“ a [ ■. AD=v cos a. and 

BD=v sin a from right- 
angled triangle ABD] 
=«“+2«r cos a-t-v^ cos® «4-v® sin® « 

=m®-1-2kvcos a+v® (cos® a+sm® a) 

= w®+2«v cos oi-f-v®. 

Hence, W’=Vi/®-t-2nr cos a+v® 


and tan = 


OD 


V sin « 
u-\-v cos a 


In fig. 1 (li), we have from the right-angled triangle OBD. 
05®=0H®-1-£Z)® 
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^w'^-={OA~ADY-\-BD^ 

={i/ —V cos (180“—e)}“+v* sin“ (180° —a) 

['.■ From right-angled 
triangle ABD, 
AD=v cos (180”—a) 
and BD=v sin (180°—a)] 

= (n-hv cos a)^-t-v® sin® a 
=u^-\-2uv cos a-l-v® (cos® oi-i-sin® oi) 

— u^-\-2uv cos a-f-v® 

g BD V sin (180°—«) _ v sin a. 

OD u — V cos (180°—a) i/-|-vcosa 

Hence, in both the cases, we see that the resnltant w of tv/o velocities 

u and V is given hy the formula 


and 


tf—Vn®-|-v®+2tn> cos a 
and the direction of the resultant is given by 

6=tan-if-~^S-^ ) 

\n-bv cos a J 

where d is the angle made by the resultant with the component velocity u. 
Particular Cases ; 

(i) If a=0, then n>=n-|-v In this case w is maximum. Hence , the 
resultant of two simultaneous velocities along the same line in the same 
direction is their sum- Also, the resultant of two velocities is maximum only 
when they act along the same line and in the same direction. 

(h) If a=Ti;, then H'=M—r if «>-v 
=v— n if v>M 

In this case, w is minimum. Hence, the resultant of two simultaneous 
velocities acting along the same line but in the opposite directions is the 
difference of the component velocities and acts in the direction of the greater 
velocity. Also the resultant of two velocities is minimum only when they act 
along the same line but in the opposite directions. 

iiii) If then vi' = y'7i^v^ ■ 

—•> 

Hence, the resultant of two simultaneous velocities, u ami v, acting at 
right angles to each other is of magnitude ■v/«“-t-v®. 

(iv) When the magnitudes of two component velocities are equal 
i.e. when v=u, then, 

w — x/ 2 m®-1 -2«® cos rt 
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Ill this case 


tan 6 


U sill a. 
u (I hcos a) 


ry a 

2 sin -- cns ^ 


2 


cos" 


O’ 

2 



so tint B= 

Hence, the resultant of two equal velocities each of magnitude u acting 
at an angle a with each other is 2ii cos ~ and acts in a direction 
bisecting the angle between them. 


1 4 Component Velocities in Given Directions 

A given velocity can be resolved into two componenls in different 
directions in an infinite number of ways, for we can construct an infinite 
number of parallelogiains with the straight line lepicscnting the given 
velocity as a diagonal and the two adjacent sides of each of these parallelo¬ 
grams will represent the two component velocities But we can find the 
components of a given velocity in two given directions in a unittuo way. 


Let OB represent the given velocity v and let OA" and OY be two 
given dircctio.is ma’ciug angles « and [i to the line OB as .shown in fig. 2 

We shall find the eoraponents of v along OX and OY. 

With OB as a diagonal, we construct a parallelogram OABC. Then 
OA and OC represent the magnitudes of the comnonents of Ihe given 
—> 

velocity V. 

Now in A OAB^ ■we have 

Z.AOB=oi, /10flA=Z.S0C=p and ^OdB=l80" —(a 1 p) 

Hence, by using sme rule in A OAB, we get 

_ _ AB _ OB 

sin ^OBA sm /iAOB ~ sin YLOAB 

OA AB V V 
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Fig. 2 

(0 


(ii) 

—> 

of V arc given by fi) and fu')- 

2 5 Components of a Velocity in Two Perjienilicoliir l>i»'ectif>iis 

When the directums of t!>c components of a giv c i veloJiiy neat 
right angles to one another, then the coniponcntF. am generally rail' i 
resolved parts in the corresponding directions. 

i.et OB reproseiil th ’, gi\en voh'city v and l.t OA'and O F be two 

— «> 

perpendiciila' hues thro igh O. Wc shall resolve the velocity r along 
—> 

OA and OC. Let r mal:c an angle 0 with OX, whcio H .n ly bi a' ut ' !as in 
fig- 3 (i)) or obtuse (as in lig. 3 (ii)). With <9.0 as a diago lal, we co »at act 
a rectangle OABC Hence, by parallelogram of vectors, OA and Of 

represent the magnitude of the components of v. 


and 


Hence, 


But 


sin («d-p) 


V sni OC 


sin t“+ll) 

AB=OC 


OC= 


V SM a 


sill (a ^-p) 
Thus the recjuiied components 
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In flg. 3 (i), we have fiom light-angled triangle OAB, 
OA=v cos 0 

and OC=AB=v sin 0 

In fig. 3 in), 

OA^v cos (180°—0)——V cos 0 
and OC=v sin 0 




Fig. 3 

Now, —V cos 0 along OX' i.s the same as v cos 0 along OX. Hence, 
the resolved parts of any velocity v acting at O making an angle 0 with OX 
are v cos 0 along OX and v Sin 0 along a perpendicular direction OY 
whatever the angle 0 may be. 

Remark : It follows from the above discussion that any given 
velocity V can always be replaced by two simultaneous resolved parts, 
vcos 0 along a direction OX making an angle 0 to the direction of v and 
V sin 6 perpendicular tO OX. 

2 6 Besultant of a Number of Coplanar Velocities of a Particle 

Let a particle at O have a number of coplanar velocities I'l, v.i, . . . va 
making angles 0i, fla ■ 6 n respectively with OX in the plane. 

Let OY 1 OX. We can replace the velocity vi by its components 
vi cos @1 along OX and sin 0i along OY Similarly, we can replace 
each of the other velocities by two components along OX and OY. Then 
the given simultaneous velocities are equivalent to vi cos Bi, Vg cos 0 a,. . 
vn cos On along OX and Vi sin 6 i, Va sin 0j, .vn sin Bn along OY. All the 

n 

velocities along OJf can be combined to a single velocity S v, cos 0r and 

r=l 

n 

those along OY can be combined to a single velocity S sin 0r. 
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Fig. 4 

If we represent tliese two final components by OA and OC respectively 
(fig. 4), then their resultant velocity F will be represented by the 
diagonal OB of the rectangle OABC. Let OB make an angle 0 with OX. 

n 

V cos 6= S Vr cos 9r ..(f) 


n 

■and Fsin 6= S iv sin Be. 

r=l 


■‘■on 


Squaring (i) and (if) and adding, we get 


F—\f( S vrcos0r)~^( S V, .sin 9, ) 

’'/■=! ' ' r=al ' 


...(//I) 


Dividing (ij) by (i), we get 

S Vr sin dr 
tan 0=—^ 

2 Vr cos Or 
r=l 

Hence, the magnitude and the direction of the resultant velocity arc 
given by (/li) and (I'v). 

Remark : From (i) and (ii) above it follows that i/te algebraic sum 
of the resolved parts of any number of velocities in a given direction i.'i equal 
to the resolved part of their resultant in the same direction. 



12 


rLlMrNl'AUY ni’NAMtCS 


2,7 Polygon of velocilies 

If a moving point possesses simultaneous velocities represented by 
the sides AB, BC, CD, - • -ZA of any polygon in in 'gnimde and 
direetion, then their resultant velocity is represented by AZ which closes 
the polygon, in magnitude and direction. 

This follows from triangle of vectors 
or velocities. For this, we join AC, AD,. . 
and fotin triangles ABC, ACD, 

Now, by triangle of velocities, we 

have 

—> —> —> 

AB+BC=AC 
—► 

AC+CD=AD 


and so on. 

Hence, the resultant of velocities AB, BC, CD. ■ is given by AZ. 
Remark • It follows from the above discussion that if a paiticle 
possesses simultaneous velocities represented in luagaimae and dirocliu.i by 
the sides of a closed polygon, taken la order, then the particle will remain 
at rest 

2.8 Solved Examples 

Ex. 1. A particle having simuUa.’eous velocities .'.in/s, 5m/.s ami 
7m/s is at rest. Find the angle between the Orsi- two veloeaies. 

Let 0 be ihc angle beiweon the velocities of 3 m/- and 5 m/s Since 
the three simultaneous veL.citie.:, aic at rest, the ro.ulhi.iL of 3 n/. a,id 
5 m/s must be equal to 7 in/s in magnitude and opposite in .sign 
Hence, we have 

7^=3®H-5“+2x 3 X 5 cos 0 
=> 49=9+25+30 cos 0 

=> cos B=-^=-i-=cos 60“. 

Hence, 0=60“ i.e. the angle between the first two velocilie.s is 60°. 
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Ex. 2 A man rows dueclly across a flowing river in Lime and 
rows an equal distance down the stream in time If u be the speed of 
the man m still water and v be that of the stieam, show that 

t-i'. t2='\/u-\-v ■ u —V. 



Fig. 6 


Let AB represent the velocity of the stream and AB ropiesent that of 
the man. The resultant velocity AC which is the diagonal of the paiallelo- 
gram IS peipendicular to the bank AB. Now, /ICv“ (from 

right-angled AADC) 

If the distance AE=S is travelled by the man in time ii, then 


If the man rows an equal distance S down the stream, then the 
resultant velocity of the man and the stream is m-1-v Hence, if fa be the 
time, then 


ta— 


S 

u+v 


...(ii) 


Dividing (i) by (ii), we get 


fi __ S _ u+v _ Vm+v 

^a v/u+v +’m—V ■y/u '—V 


Hence, fi . fa—V^u+v t •y/u —v 

Ex 3. Two trains, each 210 m long, are moving towards each other 
on parallel lines with velocities 36 kra/h and 48 km/h respectively. Find the 
time that elapses from the instant when they first meet until they have 
cleared each other. 
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We know that 

36 km/h=36000 m/h and 
48 km/h=48000 in/h. 

In 1 hour, the two trams describe a distance of (36000 H-48000) m 
= 84000 in. 

When the two tiains clear each othei from the instant when they first 
meet, they will describe a distance equal to the sum of their lengths i e. 
420 m. Hence, the lequiied time 


420 X 60 X 60 
84000 


s= 18s 


Ex. 4. A destroyer steaming north at the rate of 24 km per hour 
observes a sea-plane earner due east of itself at a distance of 16 km, the 
latter steaming due west at the rate of 32 1cm per hour. After what time 
are they at the least distance fiom one another and what is this least 
distance ? 

Let the destroyer be moving due north m the direction OB and the 
sea-plane be moving due west starting from/f due cast of £3. Let after 
time t hours, A' be the position of the sea-plane In time t hours, the sea" 
plane traverses a distance of 32 t km and the destroyer moves a distance 
of 24 t km so that AA' = 32 t km, and OJ?-24 t km 


N 
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' C>^'=(16 —32i‘) kill. 

Now, since 0^1 is towards east and OB is towaids noith, hence, 
ABOA=90° 

. A'B^=OB"-+OA‘^ 

= (24t)“ + (16-:.20“. 

If the distance between the sea-plane and the destioyer after t hours 
be S, then 

j2=24^t“-!-(16-32 (Y 
= 576 1=4 256 (1-2 tY 
We shall find the minimum value of S^. 

Now,-^ =1152 /-2X2X256 (I—2t) 

For maximum or minimum, 



=> 1152 t-1024 42048 /=0 

=^ 32C0t=1024 

1024 _ 8 

3200 25 

,/2 ra 

Now, -^^=11524 2048 = 3200 
which is positive for all values of t. 

g 

Hence, 5= is minimum for 

g 

i.e. S is minimum for ■ 

Hence, the minimum distance is 

307 35 

=^^^^~km=12 29 km. 

Hence, the distance between the destroyer and the sea-plane will be 
least after h=— 2 y- mm=19.2 mm and the least distance is 


12.29 km 
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Ex. 5 A man can swim diiectly across a stream of width S metres 
m t mm when there is no cuiient and in /' min when there is current. 
Show that the velocity of the current is 

S. I i- — — 3 — m/min. LC.U. 1954] 

'V 

Let u m/mm and v m/min be the velocities of the man and the 
current respectively. Clearly, u=~ . 



Fig. 8 

Let OA represent the velocity of the current and OB represent the 
velocity of the man so that OA=v and OB=u. When there is a current, 
the man must swim in the direction such that the direction of the resultant 
velocity OC is perpendicular to the bank OA of the river. Since OC is the 
resultant of u and v, hence OC must be the diagonal of the parallelogram 
OACB Now, from the figure. 

If the man takes C min to cross the river of breadth S metres with 
this resultant velocity, then 
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■-Kt- ) 


=1- i' = 5 




t- 


Hence Ihc result 

Ex. 6. Two boats each moving with a velocity of 5 km/h try to 

cross a stream of breadth ~ 1cm running with a velocity of 3 km/h. One 

boat crosses the stream by the shortest path and the other m the shortest 
time If they start together, find the interval betvi'een their times of 
arriving at the opposite bank. 




Fig. 9. 

In fig 9, let AB lepresent the velocity 3 km/h of the current and AC 
represent the velocity 5 km/h of the boat, 

The resultant velocity of the boat due to these two simultaneous 
velocities will be represented by the diagonal AD of the parallelogram 
ABCD (figs. (0 and (ii)). 

When a boat crosses the river by the shortest path, the resultant 
velocity must be perpendicular to the bank so that AD is perpendicular to 
AB (fig (i)). If (i h be the time of arrival of this boat on the opposite 
bank, then 

breadth of the river 
^ resultant velocity 
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I 

_ 2 , ‘ 

~ AD I's/AC^-CD^ 


2a/5“-3“ 8 

Again, if the second boat wishes to cross the river in the shortest 
time, let the direction of the boat make an angle a with the bank (fig. (ii)), 
In unit time, the boat will cross a distance equal to AD. We produce AD 
to meet the opposite bank at E. Let EMXAB and DNlAB, 

If h h be the time to cross the river, then 


^ AE _ EM 
“ AD. BN 
2 

2 _ 1 _ 1 (from similar triangles 

^ DB tin. v- 2X5 sin a 10 sin a ADN nnA EAM) 

Now, h will be minimum when sin a. is maximum i.e when <y , 

Hence, the minimum value of 


10 sin- 


1 

10 


Hence, the boat will reach the opposite bank m the shortest time of 
^^h. The required interval between these two times is, therefore. 




EXERCISE 2 


If u and V be the components of the resultant velocity w, « be 
the angle between u and v and 0 bt the angle between the 
direetions of v and w, find 

(i) a if w=10, m=8, v=6 

(ii) u, ifv=60, w= 30,\/7'“, a=60° 

(lii) 6, if ti—2, v=4 and w=2-\/j, 

(iv) ot and 6, if u=v=w 

(v) tt and 6, if u=v=-^w 

(vi) u : V ■ w, if a=90° and 8=45° 


[Ans. tt=90°] 
[Ans. w=30] 
[Ans. 0=90°] 
[Ans. a=120°, 0=60°] 
[Ans- a=0=O°] 
[Ans. u=v and u] 
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2 A thief, when detected, jumps out of a running train at right 
angles to its direction with a velocity of 5m/min If the 
velocity of the train is 36 km/h, find in which direction the thief 
falls. 

[Ans. At an angle tan'^-j^ with the direction 
of motion of the train] 

3. A box is sliding down a slope inclined at an angle of 30° at a 
constant velocity of Im/s. Find the vertical and the horisontal 
components of the velocity 

[Ans. m/s and V—L m/s] 

2 2 

4 The escalator at a sub-way station moves at a velocity of 8 m/s. 
Find the depth of the tunnel if the angle made by the escalator 
with the horizontal equals 30° and it brings a man to the surface 
in 2.5 min [Ans. 600 m] 

5. A railway carnage IS travelling at 20 m/s and a person rolls a 
ball across the floor of the carnage at right angles to the direc¬ 
tion of motion of the train at 15 m/s Find the resultant velocity 
of the ball. 

3 

[Ans. 25 m/s an angle tan ^ with the 

direction of motion of the train) 

6. The resultant of two velocities is 20 m/s at right angles to the 
component which is 15 m/s. Find the magnitude and direction 
of the other component 

_ 3 

[Ans. 25 m/s in a direction making an angle tan 

with the resultant) 

7. An aeroplane is ascending at an angle of 30° to the horizon at a 
velocity of 216 km/h What altitude will the plane reach in 10s ? 

[Ans. 300 m] 

8. The Speed of a boat in a river is u m/s and that of the current is 
V m/s. The boat traverses a distance of d m downstream and 
then comes back to its original position. Find the average speed 
of the boat for to and fro journey. 

[Ans, j—- tn/s] 

9. A plane which can complete a course in the form Of a square in 
time 4 t at a constant speed v when there is no wind, flies over 
the same course with a wind of velocity kv (where A:<J), 
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13, 


14. 


15. 


16. 


blowing parallel to one side, prove that the time will be 



kv had been blowing parallel to a diagonal of the square. 


[aus, 

A particle has tlirce velocities 10 m/s, 20 m/s and 30 m/s inclined 
at angles of 120° to one another. Find the resultant velocity, 

[Ans icy's”m/s nr a direction at right angles 

to the second velQcityl 
A point possesses simultaneous velocities of S m/s, 5 m/s, 10 m/s 
and 10 m/s towards north, south, cast and west respectively. 
Determine the magnitude and direction of the resultant. 

[Ans. 3 m/s towards north] 
If a point has a velocity of 1 ni/s to the east and also a velocity 
of y'J"m/s to the north, determine the velocity which must be 
compounded with these to bring the point to lest. 

[Ans 2 m/s making an angle of 60“ with the east] 
A particle possessing velocities 3 m/s, 7 m/s and 8 m/s is at rest. 
Find the angle between the greatest and the least of the 
velocities. 

[Ans, 120°J 


A point possesses four simultaneous velocities whose magnitudes 
are 4 m/s, 8 m/s, 12y'3~mis and 16 m/s respectively. The angle 
between the directions of the first and the second is 60“, between 
the second and the third 90°, and between the third and the 
fourth 150°. Find the magnitude and direction of the resultant 
velocity. 

[Ans. 4 m/s in a direction making an angle 120° with the 

first velocity] 

Three velocities whose ratios are 1 ; 2 :y'^ are simultaneously 
impressed on a particle and it is found that the particle is at 
rest. Determine the angles at which the directions of the 
velocities are inclined to each other. 

[Ans. Angles between 2nd and 3rd velocities, 3rd and 
1st, and 1st and 2nd are respectively 90°, 150° and 120°] 
A man walks at 10 m/s in the eastern direction across the deck 
of a ship which is sailing 20'y^2 Ws in north-east direction. 
There is a tide in the direction 30° east of north running at 
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30 m/s The wind is blowing at the rate oflSyr™'* 
the southern direction. Find the velocity of the man in sp ice. 

1 Ans. 49.24 m/.s' at in ea.st ol nnrthl 

17 A ball IS moving hoiizontally with a velocily uf 90 in./s. What 
additional velocity nuist be given to this hall so as to make it 
travel at right angle,s to its oiiginal path with a velocity ol 
120 m/.s ? 

lAns 150 ni/s at an angle cob~^ ^ j with the 

original path' 

18. How far down the stream will a swimmei reach the opposite 
bank in a stream of width 500 m if he swims at right angles tc 
the stream with twice the velocity of the current? 

1 Ans. 150 m 

19. A point has equal velocities in two given directions. If one o 
these velocities be halved, the angle which the re.siilluiit make; 
with the other is also halved Show that the angle between thi 
velocities is 120 '. 

20. A tiain is moving with a uniform velocity r along a straigh 
railway line and a niotoi cai runs on a pauillel load in the sum 
direction, the distance between tlic road and the i.ulw.iy tin 
being a. A passenger of the tram observes the cm lo be alway 
in a line with a fixed tree who.se distance from tJic railway lino i 
b ib>a). Prove that the velocity of the car i.s uiiiforni and lin 
its magnitude. 

iA,».(i ;; j' 

21 A particle P has simultaneously three velocitie, represenied h 

PA, PB, PC, where A, B, C are three iion-colhncar tixesJ point 
Where shouldbe .situated so that the panicle may reniuin ; 
rest 7 

I Ans. At the ceniioid of 

22 . A swimmer can .swim in still water at the rate of 4 km/h, 1 
wishes to cross a river flowing along u .straight ctnir.se ,il the la 
of 2 km/h so as to reach directly the opposite point on the oth 
bank. In what direction should he attempt to swim? 
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If he Wishes to cross the river in the shortest time, what 
direction should he take to swim? 

[Ans In the first case, the swiinmci should swim at an 
angle 120 “’with the direction of the current. In 
the .second case the swimmer should swim m a 
direction perpendicular to lire current] 

23, A man who swims at the rate of 5 m/s in stdl water wislies to 
cross a river flowing at the rate of 3 m/s Find tnc dneetion in 
which he must swim m order to go .straight across the stream. 
If the breadth of the stream be 200 m, find the time taken in 

. crossing the river 

[Ans At at angle cos~^ ^ —-y ^ with the direction 

of the current, 50 s| 

24. Two motor buses, each of breadth b, move one behind the other 
with velocity v along a narrow street and there is a clear space of 
length s between them. Show that the least velocity with which 

b v 

a pedestuan could go across between them is find 

in what direction he should cross. 

[Alls At tan'"^-~with the breadth of each bus) 
0 

25 A vessel steams with the bow pointed due north with a velocity 
of 18 km/h and is carriea by a current which flows in south 
easterly direction at the rate of 'i0-\/^k.mlh. At the end of an 
hour, find its distance and bearing from the point from where it 
started. 


26. 


27 


[Ans. 12.8 km, tan ^ 


— due east of north] 


A ship IS steaming m a direction due north across a current 
running due west At the end of one hour, it is found that the 
ship has made 8-^3 km in a direction 30° west of north Find 
the velocity of the current and the rate at which the ship is 
steaming, 

[Ans. 4 -^/3 km/h and 12 km/h] 
A man wishes to go straight across a river. If he can row liis 
boat with three times the velocity of the current, find at what 
inclination to the current he must keep the boat pointed? 


[ 


Ans, cos^^ 
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28 A river of bieadth 1 km has a current flowing at the rate of 
2 km/h A swimmer who can swim at the rate of 4 km/h in still 
water wishes to reach the directly opposite point on the other 
bank, but choosing a wrong direction to swim, he reaches the 

opposite bank km down the desiied point. Find the 
deviation of the chosen direction from the light one 

rAns. 30''J 

29 A boat /V is sailing with a velocity (/ due north and another Y, 
with a velocity v due west. If initially A' were at a distance a 
west of y. And the time after which they will be nearest to eacli 
other and also their shoitest distance. 

r Ans. Time =—t 

and shorte.st distance= —| 

30 Two straight railway lines meet at ught angles A train starts 
from the junction along one line, and at the same instant, 
another tram starts towards the junction fioin a station on the 
othci line, mul they move at the same uniform .sjieed, Show that 
they are nearest to each other when they are equally distani Irom 
the junction. 

31, A man swimming in a stieam of velocity i’ suddenly lind.s him¬ 
self to be distant i! from a fall of water ahead. If c be the 
distance of the nearest shore, show tliat to save himself, the man 

must swim with a velocity not less than — 

32. Two motor boats start siraultaiieou.sly from two points, A and B, 
the first one moving with a Uniform velocity of 10^ 3 km/li in a 
direction making an angle of 30° with AB Find the direction 
which the .second should move uniformly with a vclocitj of 
10 km/h so that it may meet the first one. If the second boat 
moves at an angle of 45“ with AB, with what velocity should it 
go in order that it may meet the first? 

I Ans, ro° with BA, S^/^km/hl 

JJ Two particles, A and B, are moving in two straight lines which 
meet at light angles at C. A approaching C, and B receding from 
It Prove (hat if they are always at the same distance apart, the 
latio of the velocity of A to that of IS at each instant will be 
equal to the ratio of CB to CA. 

34. Cyclists P and Q are respectively at points A and B which are 
(vs +1) km apart on a field. P rides away with a uniform 
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velocity of sVs km/h m a direction making an angle 45” with 
AB. g starts at the same instance to move with a uniform 
velocity of 10 km/h and catches P. Find the time that elapses 
from start before Q catches P. 

lAns, 12 rainj 

An aeroplane flics daily a straight line course from A to B and 
back. In calm weather, the speed is t/ and the time for the 
double journey is T. On a certain day, the velocity of the wind 
IS V and in a direction inclined at fl to AB Prove that on the on¬ 
ward and the backward journeys, the aeroplane has to be 
headed in directions equally inclined to AB, and the inclination 

to it is sin~^^ ^ ^ \ prove also that the time for the double 


journey is Tw 


a/ ti'^ —sin^ 0 


36. An aeroplane, travelling in still air at the rate of ;> km/h starts 
from a point P to reach a point 0 due north of it 2tl km away 
There is a wind blowing due west at the late of ty km/h, but 
when half the distance has been covered, the velocity of the 
wind increases to r km/h {p>r>q) and the aeroplane adjusts 
its head accordingly so that it continues its course along PQ as 
before, and reaches Q, Show that the time taken over the flight is 

37. A battleship leaves a ceitam port and steams due north-west at 
a km/h. Another ship leaves the same port at the same instant 
and steams due 22i° south of west at b km/h. Their wireless 
instruments are capable of communication upto c km. Show 
that the ships arc expected to remain in touch with each other 


for 


_c_ 

•y/ + aiy''2— 


hours. 


38. A rowing-boat which can be propelled at 3 km/li in still water 
is caught in a current moving at 4 km/h to the north-WeSt The 
rower wishes to reach a second point 6 km to the north. Show 
that there are two possible directions m which to head the boat. 
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and find the time taken on such couises before the objective is 


reached. 

[Ans. The boat may move either due east or at an angle of 



due north of east. In the first case, the time is 


h and in the second case, the time is 

V2 



39, A bus is moving 20 km/h along a straight road and a man, 
running at 5 km/h along a perpendicular road, sees it when 
the bus IS 150 in away from the junction and he himself ii 
100 m away from the junction. Show that he can never get 

nearer to the bus than ^kni, 




Chapter III 


Relative Velocity 


3.1 Concept of Relative Velocity 

The 'velocity of a moving point P haa been defined as the rate of 
change of its position with respect to some other point, say O. The change 
in the length and the position of the line OP indicates the mo'veinent of 
the point P as seen from 0 Similarly, any velocity is measured relative to 
some point of reference which the observer regards as at rest. Thus if ■we 
walk across the deck of a steamer, wc should speak of walking at the rate 
of, say, 3 km/h and we ignore the fact that the steamer is moving through 
the water at the rate of, say, 30 km/h. When we say that a train is 
moving at the rate of 75 km/h, we really meau that this is the velocity of 
the tram relative to the earth, but we ignore the fact that the earth is also 
rotating on its axis and carrying the tram witli it with certain speed, By 
“actual velocity” or simply “velocity” of a point or an object, we mean 
the rate of change of its position with respect to another point which is 
fixed with respect to any other point or object in this univeise, But 
strictly speaking, there is no existence of such a point or object in the 
earth, because the earth itself is moving around its axis and the sun Thus 
every motion is relative and there is no absolute motion of any point or 
body. However, for practical problems, by the velocity (or the actual 
velocity) of a point or a body, we shall always mean the rate of change 
of its position with respect to a point fixed on the earth although this state¬ 
ment, as explained above, is not correct. The velocitj' of a point or a 
body will be called relative if it changes its position with respect to a 
moving point or an object on the earth Thus a body will be called at 
rest if it docs not change its position with respect to a surrounding object 
on the earth and it will be called in motion when it changes its position 
with respect to a so-called fixed point or fixed object on the earth, although 
this statement, as explained above, is also not correct, 
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3 2 Relaiive Velocity ; Definition 

When two points P and Q are both in'yvim; m the surface of the earth, 
then the relative velocity of Q wUh respect to P is defined as the rate of 
change of the position of Q as seen from P. 

It Will be shown that the relative velocity of Q with respect to P is 
obtained by compounding the velocity of (7 vvith the velocity of /’reversed. 
Similarly, the relatiye velocity of P with lespeet to O is obtained by 
compounding the velocity of P with the velocity of 2 reversed. 

Remark . “Relative velocity” is also called “apparent velocity” 
when the observer is one of the two moving bodies. 

3 3 Determination of Relative Velocity from the True Velocities 


Let two particles, P and Q be moving with velocities Pp and Pa 

represented by AB and CD respectively. To find the relative velocity of 
0 with respect to P, we draw CE equahand paiallel to AB and join ED, 

-> 

We note that in unit tune, the displacements of P and 2 arc AB and CD 




respectively. Since AB is equal and parallel to CE, the displacement of P 
—> 

can be represented by CE. Hence, the chang.i of position of Q with respect 
to P after unit time will be represented by ED. The rate of change of 
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position of Q with respect to F is, therefore, ED which, by definition, is 
the relative velocity of Q with respect to F. 

Now, from A CED, 

ED=CD-\-EC 

= yQ—yp_ If we denote the relative velocity of O w'ith respect to 

—> ^ 

P by Vqp, then Vqp^Vq— Vp. 

Thus Vq is the resultant of Vo and Vp reversed. 

Thus wc see that the relative velocity of one moving point with respect 
to another moving point P is obtained by compounding with the given velocity 
of Q, a velocity equal and opposite to that oj P. 

To find the magnilude and direction of the relative velocity of Q, 
moving with a velocity of magnitude Vq with respect to another particle P 
moving with a velocity of magnitude Vp such that the angle between 
these two velocities is a, we proceed as follows . 



Fib 11 


Let AB=CE=Vp, CD=Va 
and ADCE=a. 

We produce EC to E' such that EC=CE‘. Hence, the magnitude of 

I* —^ 

CE' is Vp and Z,£IC£'= 180°—a. The resultant of the velocities —Vp 


along CE' and Vq along CD will be represented by the diagonal CF of the 
parallelogram CE’FD. Hence, the requned relative velocity of Q with 
respect to P will be represented by CP in magnitude and direction. 

F^+F^+2KpKc cos (180°—a) 



? 2 
V -\-v 


p Q 


— 2VpVq cos u. 
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If/’C£"=0, then 

,, sin (180" -a') Fg sin a 

Ff-h Fo cos (180’ '-a) Fj- - Fo cos a 

whicji gives the diiectioii of the rcliitivc velocity Fqj>. 
Particular Cases : 


(i) Let the particles P aud Q move parallel to each other in the same 
direction with velocities u and v (m>v) respectively In this case, « = 0. 
Hence, Vra = u — v m the direction of the velocity ofP. 

u 

P—- - -- ■ 


Fig. 12 

Thus, to find the relative velocity of P with respect to Q, we simply 
add with the velocity of P, a velocity equal and opposite to that of Q. 
If the particles P and Q move with the same velocity in the same direction, 
then ii=v and a=0 and so Fp=0. 

We thus see that if two trains move along two parallel lines with 
the same velocity in the same direction, then one of the trams will appear 
to be at rest to a passenger in the other tram- 

(.’0 Let the particles P and Q move parallel to each other in opposite 
directions with velocities ti and v respectively, In this case, i%=re. Hence, 
Fpq = i(+v in the direction of the velocity of P. Thus the relative velocity 


Q 


V 




Fig. 13 
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of P with respect to Q is obtained by adding with the velocity of/■, a 
velocity equal and opposite to that of Q 

Thus we see that if two trains move along two parallel lines in the 
opposite directions, then one of the tiains will appear to move faster 
than Its actual velocity to a passenger in the other train. 

Remarks (*) It may be observed that in finding the relative velocity 
of one moving point with respect to the oth er moving point, we actually 
make the second point at rest (by compoundtng with the velocity of the 
first, a velocity equal and opposite to that of the second). We then assume 
that the first point moves with the resultant of its true velocity and the 
reversed velocity of the second point as if the second point is at rest. This 
resultant velocity is actually the required relative velocity of the first point 
With respect to the second. 

(li) When two pai tides move along two paiallel lines or the 
same line, then the iclative velocity of one with respect to the other 
remains unaltered by the addition of the same velocity to both. 

3.4 Determination of True Velocity from the Relative Velocity 


Let a point P be moving with velocity Vp represented by AB and let 

the relative velocity of another point Q with respect to P be Vqp 

represented by £■/). To find the actual velocity Vq of Q, we draw EC 
equal and parallel to AB and complete the parallelogram ECFD. Then 
-> —>■ ^ 

EC=Vp and CF=ED=Vqp 

Now, in section 3.3, we have shown that 
—»■ 

Vqp= Vq— Vp 


Fig 10 



Fig 14 
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or, Fq == Vqp -\-Vp 

=EF rfrom LEFC\ 

Thus the diagonal vector £/^wiII represent the actual velocity of Q. 
Hence, the relative velocity of a point Q with respect to P and the true 
velocity of P are given, then the true velocity of Q is obtained by compound¬ 
ing these two velocities hv parallelogram of velocillet. 

If Z.DffC=a and Z.F£C=e, then 

V^Q = V+ y^Qp-\-2VpVQpy.cos a. 


and tan 


Vqp sin a 
Vp-PVqp cos «' 


Thu* the magnitude and direction of the true velocity of Q are 
obtained. In solving problems, on relative velocity, we should alway* 
remember the following two important results which have been explained 
in sections 3.3 and 3.4 

(a) Velocity of P relative to Q 

= Resultant of the true velocity of P and the revetsed true velocity of Q 

(b) True velocity of Q 

— Resultant of the relative velocity of Q with respect to P and the true 
Velocity of P 


3.5 Solved Examples 

Ex. 1 One boat is sailing due north at the rate of 12 kra/h and 
another boat is sailing due north-west at the rate of 15V2 km/hr. Find 
the magnitude and direction of the velocity of the second boat relative to 
the first. 

Let OA repKsent the velocity 12 km/h due north and OB represent 
the velocity 12"x/2 km/h due north-west. We reverse the velocity 
12 km/h in the direction OC such that OA~OC and complete the 
parallelogram OBDC. Then the diagonal OD represents the velocity of the 
second boat relative to the first. Now, 

.d5OC==90‘’ + 45“. LetZlZ)0£=6. 

Then CZ)»= OC* + OB*+2 XOBXOC cos'}A.BOC 

= \2*-F(12.^/2)*+2Xl2Xl2Vr cos (90°-F45“) 

= 144-1-288—288=144 

. . Oi)=VH4=12. 
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Also, tan 0= 


12 sin (90°+45°) 


12^2 +12 cos (90'’+45°)' 


]2v'2-12X —=4=- 

V2 


12 

_V2 _ 12_ w _j_ 

6-^/2 ~ VZ 6 \/ 2 ^^ 

Hence, 0=45°. 

Thus the required relative velocity is 12 km/h and it makes an 
angle of 45° with OB i.e. the relative velocity is duo west. 

Ex. 2 An aeroplane IS moving due north at 200 km/h relative to 
a tram travelling due east at 60 km/h. Find the velocity of the aeroplane 
relative to the earth. 

Here we shall have to find the true velocity of the aeroplane. 
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M 



If OA and OB represent respectively the true velocity of the tiuiu and 
the lelntive velocity of the aeroplane, then the resultant velocity 
repi esented by the diagonal of the rectunfile C>^C5 will represeni the 
true velocity of the aeroplane. Hence, the true velocity of the aeroplane 

='-V2()0“+ir(r^‘km/k'-aoVTOQ km/h 

Also tm/.AOC^ 

00 3 

Z^OC==tan-^-^ ■ 

Hence, the dnection of the true velocity of the aeroplane will be at ai 
angle of tan“^ due north of east. 
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Ex. 3. A man is running with a velocity of 6 km/h in u .shower 
of lain which is descending with a velocity of 12 km/h If a be the 
angle which the apparent direction of the rain makes with the vertical, 
find tan oi. 

Let OA represent the reversed velocity of the man in magnitude and 
represent the velocity of the rain. 



Fig 17 


Then OA= 6 km/h 
and OB= 12 km/h. 


will represent 


The diagonal OC of the rcctang____ 

of the lain relative to the man. If /_COB^a thisn 

__ 1 _. 

OB 12 ~ 2 




To a man walking at the rate of 3 km/h, ram appears 
to fall yertically; if he increases his speed to 5 km/h. it appears to fall at 

XitftLr 


Let OA represent the true velocity, 3 km/h, of the man and OC 
represent the vertical velocity of the ram relative to the man. 
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of tho rectangle OADC lepiescnts the true velocity t^in 


When 


of the rectangle OAVt, lepiescms me true velocity. We 

the man increases lu.s speed tf. 5 kni/h, lot ’■"'^’^/js'ccmal and parallel to 
join B and D ,uid through we diaw a line 
OP tu cut OE at E Then the velocity ol the rnin r 

will now be represented liy OE where OE II BD ^ parallelogram 

of 30‘ with the vertical OC, so that the diagonal Ol> o 
OEDB represent.^ the true velocity of the rain, a,s before- 
Let/./30r 0 We shall hnd and 0. Te ^ 

I, Icm/h IS the actual velocity of the ram. ^ second cases 

represent the relative velocitic.s of the lain in the nr-si 

respectively so that OC w and OE=Vi ai!!nc OC.’ Hence, the 

the resultant of 3 km/h along OA and n km/b t 
resolved part of the resultant n km/h in any velocities 3 km/h 

algebraic sum of th'.' resolved parts of the componen 


and vi km/h. 

Resolving perpendicular to the direction of vj, wc g 
u sin 0=3 ^ ^ 

In the second case, we resolve the velocities u km/h, va 
perpendicular to the direction of Vj km/h. Thus tve ge 


u sm (0+30") = 5 sin 60". 

From (I) and (2), wc shall solve for u and 0- 
Dividing (2) by (3), wc get 
sin (0-I-3Q") ^ 5 sm 60° 
sin 0 3 


■•■( 1 ) 
and 5 fcm/h 


.. (2) 
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* Yi+ijo, e= 

2 2 6 

^ ^ cot 0=^^=-^=>cote=-^ 
2 6 3 Va 

.’. see’0=l+tan“0 = H—r=~^ 

4 4 

4 4 1 

=> cos"0= sm^6=l- 


tan 6= 


2 


=> sin 6= ^. [.'. sin0>O] 

Hence, from (1) 

«X^^=3 

=► w=- 'Y^ =V^ “^4.58. 

V3 

Hence, the required true velocity is 4.58 km/h making an angle 


tan ^ 


V3 

2 


with the downward vertical. 


Ex. 5 A bird flies at the rate of 22 km/h in still air. The ■wind is 
blowing from south-west at 9 km/h. In what direction must the bird try 
to fly in order that it may actually go north-west, and what will be its 
velocity m the north-west direction 7 


The velocity of the bird in still air is 22 km/h This means that 
the velocity of the bird relative to air is 22 km/h i.e. Vba = 9 km/h 
making an angle of 45° with east. It is given that the direction of the 
true velocity of the bird, Vb, is due north-west, To determine the 
magnitude of Vb and the direction of Vsa, let OC represent and OA 
represent Va reversed so that the diagonal OB of the rectangle OABC 
represents Fb,i= 22 km/h. Hence, OA=9 kra/h, 05=22 km/h 
and /_AOC=9^°. 

Hence, from A AOB, AB=<\/22^ —9® =\/403 

, =^ 20.1 

.. OC=AB9^10A. 
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If Z./405 =0, tlicn cos 0 - 

Hcncc, the maenitude of the true velocity of the bird is 20.1 km/h 
approximately and the direction of the velocity of the bird relative to air 

makes ati angle of cos“^f with the south-west direction. 


Ex. 6, To an observer on a ship travelling due west at 16 km/h, 
another ship 1 km due south appear to be travelling north-east at 12 
km/h. Find the magnitude and direction of the velocity of the second 
ship, and the distance apart of the two ships when ncare.st to each other. 

Here, the true velocity of the first ship is given to be 16 km/h due 
west and the velocity of the second ship relative to the first is given to be 
12 km/h due north-ca-st. We have to find the true velocity of the second 
ship and the least distance between the two ships. 

Let AB represent 12 km/h making an angle of 45'* with 0^4 and 
AC represent 16 km/h. Then the diagonal AD of the parallelogram 
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vl3 



Fig- 20 


ACDB represents the true velocity of the second ship. 

Now, ^Z)=V'12"H-16“-|-2X12X16 cos (180“-45“) 

“= V400-192 .^=^V'406—271.4818 

m 512 ^ 

‘=11,34 

Hence, the true velocity of the second ship is 11,34 km/h 
approximately. 

Let ZI?/iC=e. 


tan 0 


12 sm 45° 
16—12 cos 45“ 


6 V 2 _ 

16—2 


1 129. 


<=1.129 


Hence, the direction of the true velocity of the second ship will 
make an angle of tan“^ (1 129) approximately with the west 

To find the least distance between the two ships, we can assume that 
the first ship is at rest and the second ship is sailing along FA due north- 
cast relative to the first ship, where it is given that OF=l km. 

We draw OM perpendicular to FA, the direction of the relative 
motion of the second ship. Then OM will be the required minimum 
distance between the two ships, Now, from AOFAf, we have 
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OM—OF sin ^.OFM sin 45 '=—71. 

\/2 

Hence, the least distance between the two ships is 0.71 km nearly. 

Ex. 7 A battleship leaves a port P and sails northwards, A 
submarine simultaneously starts from a point Q, .50 km east of P with the 
intention of having the ship witnm 2o km range of Itself If the ratio of 
the velocities of' the battleship and the .submarine be 2 ; (5 , find the 

extreme directions within which it must direct its motion. 

Let the velocity of the submarine be sj 6 ; km/h and that of the 
battleship be 2r km/h. The distance of the battleship at any time from 


N 



Fig: 21 

the submarine may be obtained by reducing the former to rest ai^ making 
the latter move with the relative velocity, QA = QA'==-\/6 t km/h 

represent the velocity of the submarine in a direction, say, 6“ north of west 
and QB=2t km/h represent the reversed velocity of the bettleship due 
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south. The resultant of QA and QB will give the relative velocity of the 
submarine with respect to the battleship. It is given that PQ—-50 km, 
We draw a circle of radius 25 km with ceutic i* and let QT and QT' be 
the tangents to it from Q. In order that the submarine may get the battle¬ 
ship within 26 km of itself, the direction of its relative velocity must be 
within the angle TQT' Hence, the extreme directions of QA (or QA') 
and QB may be QT in one case and QT' in the other case. 


Now, 


sin ALPQT^ 


PT 

PQ 


21 

50 



/LPQT=50'' /^por ^30’ 

Thus ABQT=90 ‘-f-30'-= 120 ' 


and Z.S2T'=50'’—30“=60" 


Now, since Z.B<3-4 = 90“ + fl and the resultant of QB and QA is QC 
which makes an angle of 60“ with QB, we have 

tan 6rsin (9Q°+e) 

2t+V'6 tco8(9O“+0> 

=> ./y- Vf’ cos 9 

2—V 6 sin 0 

2y' 3 —3y'' 2 sm Q=^/~e cos 6 
cos ^ + 3-\y 2 sin 9 = 23/3 

^ _Lcos e + sm 9= [Dividing hylV'S) 

^ 2 3/2 

^ sin( ^ 

4 6 

_ 3n—27r 
12 

__R_ 

~ 2 

= 15“. 

Again, since the resultant of QB and QA' is QD which makes an 
angle 120° with QB, we have 

tan 120°= V ^ ^ sin (90°+9) _ 

2r+v'6 f cos (90“-f 0) ■ 
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-V3 


\/ 6 cos 0 
2—V6 sin 0 


2\/3 H'3 V'’2 sin 0 — \/6 cos 0 

1 „ 1 
— cos 0- - V' Sin (H- ~^/"2 


V3 

2 

sm^ 


0 sin 

0 . J 


cos (1= 


-) 


=-_l- 

VT 


sin 


7t 


n 


Hence, the rcciiiired extreinc directions of the subnnirine urc IS** 
north of west or 75 nortli of west. 

I'2x. 8. If d be the distance at any time between two point.s moving 
uniformly in one plane, 1', tlic relative velocity of one with respect to 
the other and n, v, the resohed parts of F along and perpendicular to 
the direction of the line joining the two point.s. .show that their distance 

wlisn they are nearest to each othei is inui the time of arriving at 


this nearest distance i.s 


ud 
yn ■ 


Let AC and /If represent the true velocities of the points A and jB 
respectively. We draw equal and parallel to B/' but in the opposite 
direction'' Then the diagonal .ID of the parullclograni ACDK will 
repie.sent the velocity t' of A relative to B. We draw DN 1 AB and 
AG I AB .so that AN 1X1 is a rectangle. Hence, u and r, the components of 
V, can be represented by AN and AG respectively We draw jSAf 1 AD 
produced. Let BAAf—AI. 

It is given that Ali — d. 

Since AD represents the velocity of A relative to B, the point B can 
bethought to be at rest and the point A moving along AM with velocity 
y. Hence, the minimum distance between A and B is given by BM, 

Now, from A ABM, 

BM^AB sin 0--t/ sin 0. 

But from A ADN, 


DN V 


sin 0=- 


AD~ V 
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Fig 22 



Ex. 9. A line of men are running along a road at 8 km/h behind 
one another at equal intervals of 20 m. A line of cyclists are nding jn 
the same direction at 15 km/h at equal intervals of 30 m. At what speed 
must an observer travel along the road in the opposite direction so that 
whenever he meets a runner, he also meets a cyclist. 

Let the cyclists and runners be moving along parallel lines AiJSi and 


Let C', C" be the two positions of two cyclists and R‘, R" be those 
of two runner* respectively after some time so that C'C"=30 m and 
R' R‘‘=^20 m. 
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Ai 


L5 km/h 


C‘ 10 m c" 

—--^- 


8 km/h 20 m i 

----- 1 -- u „ 

R' R" 

Fig 23 

Let X km/h be the velocity of the observer in the opposite ducction. 
We now apply a reversed velocity of km/h to each velocity of each 
cyclist and each runner so as to bring the observer to rest. Each cyclist 
and each runner will be moving with velocities (15-|-Y)km/h and 
(8 +a:) km/h respectively relative to the observer. If at any time the 
observer meets the runner and the cyclist simultaneously when they are 
at, say, C" and R" respectively, then the observer will meet the next cyclist 

30 20 

and the next mnner aftei times It and ' ;v.r' 7 r /n , —r* h 

1000 (,15H-x) 1000 (8-f.\-) 

respectively. 

If the observer meets the second cyclist and the second runner at the 
same time, then 

__ __ 20 

'lOOO (13+x)“^ 1000 (a+.v) 

=> 24+3v=--30+2w 

=> x=6. 

Hence, the required velocity of the observer will be 6 km/h m a 
direction opposite to the motion of the cyclists and the runners. 

Ex. 10. Three straight lines arc equally inclined to one another in 
a plane and three particles P, Q, R move along them with velocities u, v, w 
respectively. Show that the velocity of P relative to the centroid of the 
particles is 

(4w“-I-v“-|-w“+2uv+2uv»'— vw)^ . 

[Note that this problem can be solved easily be vector method which 
is discussed below.] 
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Let OA, OB and OC be three lines which arc equally inclined to one 
another so that Z.AOC=Z.BOC=Z,BOA—120°. 

Let n, ri, r& be the position vectors of F, Q and i? on OA, OB 
and OC respectively at any time / with, respect to O. Let G be the 

^ . ■—* —> 

centroid of A PQR so that 0(?=(ri+ra'|-ra). We join PG. Then 
the position vector of P relative to G 

= ^P=OP~OG^i - ~ 

j 

= ^ (2ri—ra—ra ) 
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UGP=r, i.e. the position vector of P relative to G, then 

_ j 

r — ~3 —'"a— 

—r - ^ —► 

d r _l_r ^ ( I r\ _ d d rs ~| 

dt 3 1_ dt dt dt J 
1 

— (2h— v—ti') 

-► j -► -> -> 

=>■ ' VpG—- (2 u —V— w) 

, .«.v >->• ^ 

=*■ y^PQ— g ■ 11 '“—4 u . V —4 u . w -1-2 V . iv) 

('4u“-l-v“ —4Mr cos 120"--4w)V cos 120" 

1 2t'iY cos 120 ’) 

=(4ir i V" I w" \-2uv ihnv— i'ip) 

y 

Kpc;= 2 (4»'‘‘ !-iv® ! 2uv |-2 mh' —viv)^ . 

Hence the result. 


EXERCISE 3 

1. A school boy holding an umbrella runs with a velocity equal 
to that of the rain falling vertically, in consequence of which 
the rain stiikes him in the face. At what angle should he hold 
the umbrella in order to protect him best 7 

[Ans. 45" with the vertical] 

2. A steamer is going due north with velocity v. The smoke from 
the chimney points 45“ south of east. If the wind be coming 
from west, find the magnitude of its velocity. [Assume that the 
smoke from the chimney loses the velocity of the steamer as 
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soon as it leaves the chimney and moves with the velocity of the 
wind,] [Ans. v] 

3. Two points A and B move with speeds ti and 2ii respectively in 

two straight lines inclined at an angle a. Show that the relative 
velocity of 5 with respect to A is 
u Vs—4 cos ai . 

4. A man wishes to cross a nvci to an exactly opposite point on 
the other bank. If he can swim with twice the velocity of the 
cnirent, find at what inclination to the current he must swim. 

[Ans. 120°] 

5. A person travelling towards the north-east find.s that the wind 
appears to blow from the north, but when be doubles his 
speed, it seems to come from a direction making an angle 

tan"’- east of north. Find the true direction of the wind, 

[Ans. Towards the east] 


6 . Three pouUs P, Q and R move with the same velocity v along 

the sides BC, CA and AB respectively of an equilateral triangle. 
Find the velocity of any one relative to any other in magnitude 
and direction [Ans v\/3 parallel to an attitude] 

7. Given the relative velocity of A with re.spcct to B and also the 
relatu'e of B with respect to C Show how you will proceed to 
find the relative velocity of C with respect to A. 

[Ans, By combining the two given relative velocities 
and reversing the direction of the resultant] 

8 . A steamer is travelling due east at the rate of w km/h A 
second steamer is travelling at 2k km/h in a direction 0° north 
of east and appears to a pa.ssenger on the first steamer to be 
travelling nmth-east. Show that 



9, When a man runs at 6 km/h due south, the wind appears to 

him to blow from the east. When the man doubles his speed, 
the wind appears to blow from the south-east. Find the velocity 
of the wind [Ans. 6 Vg km/h from north-east] 

10 . A man falling vertically by parachute in a steady downpour of 
ram observes that when his speed is Vi, the rain appears to 
make an angle a with the vertical. When his speed is Va, the 
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rain appears to make an angle [3 with the vertical. Show that 
the rain actually falls at an angle 0 with the vertical given by 
(v 2 —Vi) cot 0 =V 3 cot a —r, cot [3. 

11. The velocity of a body B relative to a body A has components 

3 m/s towards A and of 4 m/s in the direction perpendicular 
to AB. If AB~ 100 m, show that the least distance between 
the bodies will be 80 m. When wilj A and B be at this distance 
apart? |Ans. After 12 s] 

12. Two roads cro.ss at right angles. A motor car is 2 km from 
the intersection and is travelling towards it on the first road at 
21 km/h; at the same instant, another car is 3 kni from the 
intersection and is travelling towards it on the second road at 
28 km/h. If these velocities arc maintained, show that the 

distance between the two cars will never be less than — km. 

13. A nver is flowing from west to east at 2 km/h and a boat is 
rowed with a velocity of 4 km/h due south relative to the curreat. 
A hackney carriage runs on a road parallel to the river towards 
the west at the rate of 6 km/h. Find the apparent velocity 
of the boat as seen by an observer on the carriage. 

^Ans. 4V 5 km/h at tan“^ south of east, J 

14. At a particular instant two aeroplanes are at a distance of 

1000 km, one due east of the other. The first one is moving 
westwards at the rate of 400 km/h and the second with a 
velocity of 300 km/h towards the south. Find the time when 
they are nearest to each other, and the least distance between 
them. [Ans. 1 h 36 min; 600 kmj 

15. At 1 P.M. an animal A is 10\/2 km due west of another animal 
B The first runs north-east at 12 km/h and the second north¬ 
west at 16 km/h. How fast do they approach each other and 
when are they neaiest ? 

[Ans. At 20 km/h; at 1-42 P.M.J 

16. To a cyclist travelling at 1 km/h due east, the wind appears lo 
come from the north-east. But when he travels north-east at 
the .same speed, it appears to come from the north. Find the 
true direction and the velocity of the wind. 

^Ans. 22 ^ south of east ; kra/hj 



48 


ELEMENTARY DYNAMICS 


17 A cyclist is riding due west at a speed of 12 km/h and the wind 
is at the time blowing from the south-east with a speed of 


5 km/h. If the cyclist carries a small flag, in wliieh direction 

will this flag fly ? At what speed would the cyclist lequire to 
ride, if the flag is tc fly due north ? 

rAns. tan~^ J‘ 121 of east, 

L 1031 

—^ ^ km/h J 


18. A motor car moving at the rate of 60 km/h towards east is 
struck by a stone moving horiTontally from the north with a 
velocity of 30 m/s. Find the magnitude and direction of the 
velocity with which the stone appears to meet the car 



3 


m a directum making an angle tan"’^ 


south of west 




5 


19. A man can row at 4 km/h in still water (i.e. the man can row 
at 4 km/h relative to water). If he steers straight across a 
stream which is running at 3 Icm/h, find his acliial velocity 
stating the angle which nis direction makes with that of the 


stream. 


[ 


Ans, 5 km/h ; tan” 


] 


20. From a train running slowly at 8 km/h, a man jumps at 10 
km/h in a direction inclined at 60“ to the dnection of motion 
of the tram. Find the actual velocity, giving the angle it makes 
with the direction of the tram. 


21. 


j^Ans. 2V 61 km/h; tan ^ 

Two roads cross at right angles at P. A man, A. walking along 
one of them at 3 km/h towards P sees another man B, walking 

on the other road at 4 km/h. at P when A is - " -km away from 

QO 

P. Find the velocity of A relative to B and show that they will be 
nearest together when A has walked —Icm 

[Ans 5 km/h, tan"^ with A's direction] 
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22. A submarine leaves a port X and travels at 10 kiii/h due south¬ 
west. At the same instant, a dcstrovcr leaves another port )' 
which is 20 km south of X. If the destroyer can travel at 25 
km/h, in which direction should it move to lam the submarine ’’ 
Find also the time taken. 


j^Ans. sin'^-^^ due west of south ; J^2) J 

23, A cyclist is riding due west at a speed of 12 km/h and the wind 
is at the time blowing from the south-east with a speed of 

5 ^ km/h If the csclist carries a small flag, in which direction 

will this flag fly At what speed would the cyclist require to 
ride, if the flag is to fly due north ? 

Ta . -1 264 +121 , .u r . 

Ans. tan ^ - due north of east ; 


km/h ] 


24. A man wishes to swim across a river in the least time. If the 
velocity of flow of the river and the velocity with which the man 
can swim in still water be equal, find in what direction he 
should start to swim and the path which he would describe, 

IAn.s. Perpendicularly. The path is a line inclined at 45" 

to the direction of flow] 

25. To an observer on a train moving at 30 km/h due north, wind 
appears to blow from 15° east of north, and From a motorcar 
running at 15 (VS” 0 km/h due east, it appears to come from 
15" north of east. Find the true direction of the wind. 

LAns. From 30'" north of east] 

26. Two roads cross at an angle of 60“, Two persons, one on each 
road walking at the same speed, are approaching the crossing 
(acute angle), their simultaneous distances being 100 m and 
200 m respectively. Find their distances from the crossing at 
the instant when they are nearest to one another. 

I Ans. 50 m each] 

27. A battleship which can steam at « km/h sights an enemy cruiser 
at a distance a km due east of her. If the cruiser steams due 
north at v km/h (v>u), find in which direction the battleship 
must steer in order to get as close to the cruiser as possible. 



50 


elementary dynamics 


and show that when they are as close as possible, the battleship 
will have travelled km relative to the cruiser. 

T 

j^A.ns. cos"^-~ east of northj 

28. A cyclist riding at a speed V, overtakes a pedestrian who can 
move at a speed not greater than V, the two travelling along 
parallel tracks at a distance ct apart, Show that if the cyclist 

V , 

rings his bell when at a distance less than «, he may safely 


maintain his speed and keep to his course regardless of the 
behavioui of the pedestrian. 

29. A bomber moves due east at 100 km/h over a town at a 
certain time. Six minutes later, a pur.suit plane starts from 
a station Y which is 40 kin due south of X and flies north-east. 
If both maintain their course, find the magnitude of the velocity 
with which the pursuit must fly in order to overtake the bomber, 

r 400 2 " , ,, 

[ Ans,- J 


?0. A man pulls a boat at 4 km/h m a direction at right angles to 
the b.ank of a river, and is earned by the current which flows at 
3 km/h. Find the velocity of the boat with respect to the bank 

of the river- If the river is km broad, find the time taken 

to cross, and find how far down the stream the boat is carried. 
What distance does the boat actually travel ? How long would 
it take for the boat to cross the river if there were no curient 

I^Ans, Velocity of the boat=5km/h in a direction making an 

4 

angle tan ^ with the direction of the current Time for 
crossing the nvcr=7—^ minutes. The boat will be carried 

3 

through a distance of~^ km down the stream. The distance 
actually travelled= km. The time taken by the boat to 
cross the river in absence of the ourrent=7 minutes J 
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31. A railway tram is moving at the rale of 2S 1 km/h when a 

3 

pistol shot strikes it in a direction making an angle .s'ln"^—with 

the train. The sliot enters the compartment at the corner 
furthest from the engine and passc.s out at the diagonally 
opposite corner. If the compartment is B/i m long and 6/: m 
wide along the track, show that the velocity of the shot is 

/ 3 /f 

SO t kin/hr and traverses the compartment in 


32. 


33. 




seconds. 

Two boats move with constant speed v relative to the water, and 
both cross a straight river of constant width a, which flows with 
constant speed V. One crosses the river by the shorte.st path and 
tlie other iti the shortest time. Prove that the difference between 
the times taken to ci oss the river is 


( “ ■ 1 


\ V- 

/ ) 


according as u or V is greater. 

Two cars A and B on different 


roads at right angles arc 


34. 


approaching the junction at such speeds that they would collide, 
What can you infei about the velocity of A relative to B 7 

To avoid a collision, A drops liis speed by 10 kin/h for 
3 s, but then continues at his original speed. How far is A 
from the junction when £ teaches it 7 If/I’j original speed is 
twice B's, how far will the cars be apart when they arc nearest 
to each other. fAns. Parallel to AB ; 44 m ; 19 7 ml 

A ball ti avelling horizontally at 60 m/s IS struck by a bat and 
made to travel in the direction at right angles to its original 
path with a speed of 83 m/s. Find the velocity which the bat 
would have communicated to the ball had it been at rest giving 
the angle this velocity makes with the original direction of the 

4 


ball. 


c 


Ans. lOt) m/s ; tan 


] 
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A ferryman rows a boat at 5 km/h in a north-cast direction 
relative to the water of a river flowing south at 2 km/h. What 
is the velocity of the boat relative to the bank of the river 7 


[ 


Ans. 3/29 —lOV 2 km/h in a direction 
5V‘T'-f 2 


( 71 

\ 4" 


4-tan' 


23 


east of north 


] 



Chapter /F 


Motion in a Straight Line with 
Acceleration 


4.1. Expressions for Velocity and Acceleration in Terms of Displacement 
and Time 


Let a particle be moving along a straight line and let x, v and a be 
its displacement, velocity and acceleration respectively at any time t. As 
remarked in section 1,2 of chapter I, x, v and a arc, in fact, the 

“magnitudes” of the displacement vector x, the velocity vector v and the 


acceleration vector a. In order to avoid vector calculus, we sha' use the 
term “velocity”, “acceleration” and other physical quantities m the sense 
of their magnitudes only. 

As discussed in section 1.2 in chapter 1, 


a 


dv 
clt ' 


Now, putting v=^in (2), we get 
at 


■( 2 ) 


—iL ( dx\_ d^x 
°~dt\dt) dt^ 

Again, from (2), we have 

__ dv ^ dv 

dx dt dx 


.. (3) 

- (4) 


Hence, the velocity is given by (1) and the acceleration is given by any 
one of the equations (2), (3) and (4). It follows that both velocity and 
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acceleration'aie functions of timer which, in turn, is a i Lmctuni of dis¬ 
placement .V If the value of a is negative, we say that the particle moves 
with ictardation i,e. its velocity gradually decreases. Hence, the negative 
acceleration decreases. Thu.s the negative acceleration is called reiaidation. 


4,2. Motion in n Straight lane with Constant Acceleriition 


A partith’move's along‘I struigfit line from a Jixccl point on n ith initial 

velocity u nnd constant acceleration a. 7’o find 


(j) the velocity v at any time t :tnd 
(ii) the displacement s at any time t and 
(ill) the velocity when the thsphicement is s. 
(1) Using the equation 
dv 


we get, by integration, 

v=|<jr/r—a/H-c, ,.,(]) 

where c is a constant of integration. 

Inilially, v —u when r=0. 

Hence, u =c. 

Hence, from (1), we got 

v=M+a( .. (2) 

The equation (2) gives us v in terms of m, o and t. 

(ii) To express the displacement j m terms of t. we start from the 
equation 



Integrating both sides with respect to t, we g 

= |a<7r=nfr+<Ji, 

where ci is a constant of integration. 

Initially,“T i.e. velocity =w when t=(. 
at 


(3) 
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Hence, from (3), we get 


M=Cl 

Substituting the value of ci in (3), we get 

^y=at+M ...^4) 

Integiating {.4) again with lespcct to /, wo liave 
dt 

= -^+Mt-fca, . .(5) 

wlicre Ca is a constant of integration. 

Initially, j=0 when t=0. 

Hence, from (.5), C2=0. 

Thus \vc get 

^=wf+ ■■ (6) 

The equation (6) gives the displacement S in terms of iq t and a. 

(iii) To find the velocity V in terms of the displacement j, we can 
eliminate t from (2) and (6). Alternaiively, we can directly deduce the 
relation starting from the equation 

vdv , , 

—j— =a=> vav—aas. 
as 

Iritegiating both sides of this equation with icspect to the variables in¬ 
volved, we get 

jvr/v=|CTi/j 

v2 

^y- = a^ + Cl, .. (7) 

where ci is a constant of integration. 

Now, initially, v=u when j=0. 

Hence, from (7), we get 

u* 
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SiibbtitutjnB Uos valiio of Cj in (we get 


1? 


- t 2 as (8) 

The cqaiitions (2), ffO anil (8) arc called tl,u eqnaiuiii!. ol nioriou of a 
I'article la a Ktimt’iU line wiih a constant acceleration. 

In particular, if the particle .start.s from vest, tlien u 0 o that the 
equation., ( ;), (0) and (:0 leducc to 

v—at, S-- V* -2 a.t 

Remark : The above formulae are applicable onlj, v hen the 
acceleration is uniform or constant In the case of variable acceleration, 
we must have recourse to calculus. Thi.s w ill be explained with solved 
examples 

4.3, Distance Described in a Particular Time 

To deduce the distance described by a particle moving with uii initial 
velocity u and a uniform acceleration a, at a particular time, say, in (th 
second, wc subtract the distance described in (t- -1) .s from that described 
111 t s. If S, denote this distance in tth second, then 

{^w (r--l) + -^- fl(/ 1)® J 

=M+y n(2r—1). 

In particular, if the initial velocity m= 0, then 
5,= \ Cl (2f-l). 

4.4. Average Veloctiy 

The average velocity F of a particle moving along a line with a 
constant acceleration is given by 

j, total distance 
~ total time required 

/ t 
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( 1 ) 


Comparing this equation with the equation 
y=u-\-al, we see that 


t 

V is the velocity at time 2 i.e at the middle of the interval of time. 

Hence, the average velocity of a particle moving along a straight line 
with a constant acceleration during lime t is the velocity at time '' 

Again, the equation (1) can be re.written as 

2M+fl/ __u+(u-\-ai) 

'^2 2 " 


u-\-v ^ 
2 


( 2 ) 


where v is the velocity of the particle at time t. Hence, the average velocity 
is also defined as the mean of the initial and the final velocities at time 1. 


4.5. Working Rules for Solving Problema 


Most of the problems of the motion of a particle on ti stiaight line 
with a uniform acceleration willrcquire the equations of motion (2), (6) and 
(8) of section 4./for their solution. It can be observed that thc.se equations 
of motion involve five physical quantities vi^, u, v, j, t and a and in each 
equation, there are 4 quantities If any 3 of these 4 quantities are given, 
we can find the fourth quantity by using the above equations of motion. 
In solving any problem, we should, therefore, write down the given 
quantities at the beginning and then try to find the values of the required 
quantities by using one or more equations of motion. The choice of the 
appropiiate formula or formulae depends on the given values of the 
physical quantities in the problem. 


4.6. Solved Examples 


Ex. 1 If in the rectilinear motion of a point, the time t and the 
displacement from a given point satisfy the equation 

t=ax^+bx-\-c, 

where a, b, c are given constants, prove that 
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U) the velocity at time t is ■ 

and (ii) the acceleration is inversely proportional to the cube of the 
distance from a certain fixed point in the line of motion and find the 
distance of this fixed point from the given point, 

0) Differentiatin" both sides of tlm ei]uation 
t—ax^ : 6a:- i- c 


with respect to I, we get 

, „ dx , , d\ 

I-2av. -j, +6 

- % ( 2 » ! 6 ) 

dx _ 1 , . 

lax 

Hence, the velocity at times I is ——~t . 

(iii) Differentiating both sides of (1) with respect to t again, we get 

d^x _ dx 

dt^ ~ (2oac+6)^ ' dt 

^ (Inx+br ^ 2ax-]-b 
— 2a _ —1 

7 .- 

‘-.( 2 ) 


[2ax-\~b) 

k 


““ I b 

where A:=-^^=constant and x'—x+ so that x' represontst he distance 
of the point at time t from the fixed point whose distance from the 
starting point as the origin is ' 

From (2), it follows that aoc. Hence the result, 

Remark : In the above problem, wo see that the acceleration is not 
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constant so that wc cannot use the c.iuiuion.. of moiio-i ol section *1,2, In 
the case ot variable acceleration, wc must use calculus as .shown above, 
We shall consider more problems of this lyp' below ; 

Ex, 2. A stiaight rod AB slides on a plane with Us ends on two 
fixed perpendicular lines OX and OY Show that the speeds of the 
extremities ol the tod are inversely pronoriional to their di'^lances from 0. 

V 



Let A and B be at distances x and y respectively from O, and let 

AB=a. 

Then x*+y*=o“. 

Differentiating both sides with respect to I, W'c get 

dx , dy 

=>xw+>’v=0, 

where u and v are the velocities of A and B respectively. 
xu-\-y\’=k, say, where k is a constant. 
k 
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and V---- — 

1' 

■o that the speeds of A and B are inversely propor'ional to Ihcir respective 
diitances iVoin () 

Ex. 3. The acceleration of a moving boily varies diuxtly as the tunc 
which has elapsed siiicc It!, vrlocity ivas 10 ni .s. If it travels iG8 m in 
6s following t\:s mstant, iin-i how fai it will ttave! in the next 
4 s. 

Let 1 be the velocity of (he bu ly at any tune / mcaiured iVom the 
instant when the velocity was Id m^s. 
ilv 

Then ---a kt whcie k is a constaii> 

Integrating both sides \.'iLh respeci to /. we get 

v--/c|rt/r=- '2 1 C, --'Ir 

where c is a constant o( integration 
Now, initially r 1 0 when t 0. 

This gives 10 c. 

Hence, from (1) 

V 

To find the distance s, we u -u the formula 

cIs 

clt 

Hence, 

/ctM-20. 

at 2 

Integrating both sides with respect to (, we get 
k |/Vr+ioJrh, 

=~kt^-\ 10 t !-c', (2) 

D 

where c is a constant of integration. 

Now, initially, s ~0 when r= 0 . 

Hence, c'=0. 

Thus, we have from (2), 

1 
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Now. to find tlie unknown constant k, we use the given condition 
that j==168 when /-6 

Hence, putting tliese values oFf and t in (3), we gel 

168=.rfc6=-f 10X6 
o 

=> 36fc= 168 -60 “108 


Thus from (3), we get 
•f= -I'M-10 ( 

Now, to find the distance in the nest 4 seconds i.e. from 
r=6+4=l0, we substitute t==l0 in (4) and get 

Jia=|- X 10»+IOX 10=500+100+600. 


■ (4) 
/■=6 to 


Also Ja=168. 

Hence, the body moves a distance of (600- -168) m 
=432 in during the next 4 seconds. 

Ex. 4. In what time would a body acquire a velocity of 270 m/h 
if it was started with a velocity of 2 cm/s and moved with an acceleration 

of ^ cm/s® ? Find the average velocity of the body for its motion during 

this period in two ways by using (i) the initial and the final velocities of 
the body and (n) the initial velocity, the aiceleration and the time, 

Given that 

u=2 cm/s, v'=270 m/h 

27000 , 

=1^ cm/s 

and a= -^cm/s®. 


To find t. 
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Using the formula 
p—u+a(, we have 


15 

2 



I. 


Hence, the required time is 11 s. 
(i) The average velocity 

u i-v ^ l_ 
2 ' 2 


K-- 


ii. 

4 ■ 



Hence, the required average velocity 



m/s. 


(ii) We know that the average velocity is equal to the velocity at the 
middle of the interval of time i.e. the velocity at i ^ ® "^2 ® required 

average velocity, 

Hence, 





Hence, we get the same value for the average velocity. 

Ex 5. A train travelling at 30 km/h is brought to rest uniformly 

at a station in ly minutes. At what distance from the station were the 

brakes applied 7 What was the retardation in m/s“ 7 

, /. 30000 , 25 , 

Here u=30 km/h=™/s=“T~m/s and 

Ol) A OU 3 

3 3 

l=~min =-yX60 s=90 s. 

When the train is brought to rest, then ►’=0. Here we shall find a. Now, 
Using the formula 

v=ii-\-at, we get 


3 


\-90a 
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—25 5 

"^“”3X90 54 ■ 

The negative sign indicates that the train moved with retardation, 

5 

Hence, the required retardation of the train is in/s“, 

To find the distance traversed in 90 s, we use tlic formula 

J = Wf+ 

Hence, substituting the values of n, a and t in tl\e above formula, we get 
s=^x90-^x^ X90X90 
=750—375=375, 

Hence, the required distance=375 m. 

Ex. 6. A particle starting with a given velocity moves for 3 s with 
constant acceleration, during which time it describes 81 m ; the 
acceleration then ceases and during the next 3 s, it describes 72 tn, Find 
its initial velocity and acceleration, 


_ 61 ni _ 72m_ 

A 3 s O 3 e C 


Fig 26 

Let the distance fl= 81 tn be described by the particle in 3 s moving 
with initial velocity u ra/s and acceleration a m/s® and let the 
distance BC~12 m be described in 3 s by the particle moving with 
uniform velocity V m/s attained at j 5 For the motion from A to B, we 
have j=81 m and r=3 s. Hence, using the formula 

s=ut-\--^ at^, we get 

81=3 .,,(1 

Again, the particle describes a distance of 72 m from £ to C with a 
uniform velocity F in 3 s. Hence, V= -^m/s=24 m/s, Consideiing the 
motion of the particle from ^4 to ,B again nnd using the formula v—uA-at, 
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we get 

24=w+3fl •(2) 

From (1) and (2), we shall calculate w and a. Now, from (2), wc have 

M=24-3a ■ (3) 

Substituting in (11, we get 


9a 

SI =- 72--9a 



Hence, the particle moves with a retardation of 2 m/ss Putting a— -2 
in (3), we get 

11=24+3X2 .'U. 

Hence, tlie initial velocity of the particle is 30 m/s. 

Ex. 7, Two particles .start at the same instant from a point A and 
move in the same liirection along a slraigiU line AB. The first has a uni¬ 
form velocity of 40 m/s while the second starts with an initial velocity of 
16 cm/s and has a uniform a.’celera’ion nf 0 cm/s“. Find the time that 
elapses before the two particles meet again. 

Let the two particles meet together at C after t s, 

-A— 10 cm/s 


II " l(! era s C a 

a ’ 6 cm;s“ 


Fig 27 

Now, for the first particle, 

i4C=40 t ...(1) 

For the second particle, 

w= 16 cm/s, a=6 cm/s*. 

Hence, ^C=16 / X6 t- 
= 16 f+3 r“ 

Hence, from (1) and (2), we get 
40 /=16 r+3 + 

=>3 +=24 t 
=>r=0 or 8. 


...(2) 
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At <=0, the two particles meet initially. After this, they meet again after 
8 seconds. 

Ex, 8. A particle moves with uniform acceleration If a, b, c, be 
the distances described by it in pth, f/th and rth seconds respectively, show 
that 


a (g—r) + 6 (r—p)+c(p—g)'=0. [Allahabad 10] 

Let /be the uniform acceleration and u be the initial velocity. Then 
Sp=distance described in pth second 


=i/+ ~f (2p-l) 


=><i=u+ —f (2p— 1) 

-U) 

Similarly. 


b=u + ~f (2g—1) 

• (2 

and c=u+-^/(2r—1) 

- (3) 


Multiplying (1), (2) and (3) by q—r, r—p and p—q respectively and then 
adding, we get 

a {q—r)+b {r—p)-\ c (p—q) 

=u(q—r+r-p+p—q) 

(^(2p—1) (g—r) + (2g—1) (r— p)+(2r-—1) (p—q)'^ 

—0+~f (2pq—2pr—q+r+2qr — 2qp—r+p-'r2rp—2rq — p+q) 
=0+0=0 
Hence the result. 

Ex. 9. Two trains on the same line arc approaching one another 
with velocities ux and respectively. When there is a distance x between 
them, each is seen from the other, Prove that it is just possible to avoid a 
collison if 

Ml/a + Ma A= 2 / 1/2 X, 

where/i and A arc the greatest retardations which the brakes can produce 
in the respective trains. 

Let AB X so that when the two trains come at + and £ 
respectively moving in opposite directions, they apply brakes to avoid 
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collison As a result, both the trains will move with the greatest 
retardations /i, /a, which the brakes can produce The two train* 
will just avoid the collision when their final velocities, and Vg, become 
zero at their meeting point, say, C. Let AC=Si^ and ^C—5'.; so that 

jc=S'i+5'3. 




> 


V| -- J 




A S. 


C f,. " 

Vj O 


Fig. 28 

Now, considering the motion of the first train and using the formula 
v®=ii“+2as, we get 

0=«?--2/i5x 


5x= 


2A 


Similarly, considering the motion of the second train, we get 




ut 


2/s 


Ml 


ul 


Hence, Si I S^" -1' 

2/i 2A 


/2mM*/im1 

=> JC =--- 

2/1/2 

ulh-\-ulfi=2fif%x 
Hence the result. 

Ex 10. A tram moves 5 km from rest to rest in 10 minutes. 
The greatest speed is 50 km/h and the acceleration and retardation 
are both uniform. Find the distance travelled at full speed, 

Here there are three kinds of motion of the train : (i) the train first 
moves with a uniform acceleration, say oi m/s® from A to B during time, 
say, fis, (li) then it moves for i s with a uniform maximum velocity, aay, 
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Fm/s a(tained at 5 and finally (lii) it moves for/aS with a uni 
retardation lay, m/»^ from C to £> where its velocity becomes zero 


li 0 t|, ii V ^ [j, — ,^3 v—o 



Fig 29 


Let AB—Sxm, BC=^Sm and C‘i)- = 3'am 
so that (S'i-l-)S'-|-5a=5000 
and riH-r+/ 3=600 
Here the maximum velocity 


„ 53X1000 , 125 , 


Now considering the motion of the train from A to B and using 
formulae 

v=u+at and S=tit+ ~at^ successively, we get 



and iS'i=— 

From (3) and (4), eliminating ai, wc get 



125 

9 




125 

18 




For the motion of the train from B to C, 


S=Vt 


125 

9 


t 


For the motion from C to D, we have, by using the formulae 
v=M+flr and af“, 

0=F—aatfi 
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r. '25 , 1 

g Is 

Elimniating O'l from (7) and (8), wc get 


c - ±25, 

■5 a— p la 


9 f- 


Substituting the values of Si, S and from (S), (6) and (9) in (1), 


we get 


t+-^ta- 5000 


=!> ^i+/a + 2/---720 

Subtracting (2) from (10), we get 
1=120. 


...( 10 ) 


Hence, the distance travelled at the maximum speed Ft it 


125 

l20X~^m = 


in=~ 1,667 km. 


Ex. 11. A point moves in a straight line with a constant acceleration, 
If the distances of the moving point from a fixed point on the line be 
Jii, Xa, Jcj at the instants ti, ta, t.i, prove that the acceleration is 

ol (a^h —AT n) ti+fxa—xi) r2+(jri— J^b ) t-j if ri p af, 1 

r"' (h-t^)(h-ti)iti-t,) j L J 

Let O be a fixed point on the straight line and let A, B, C be three 
points on the line at distances xi, Xa and xj from O. Let the point start 



Fig. 30 

from at a distance x from O with initial velocity u so that at the instant 
r=-0, the velocity of the point is x. Let a be the uniform acceleration. Then 
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JCi—JC=UfiH— 

JCa— X=Ut^-\ —^ alj® 

X[i—x=ut^-\--^ ata^ 
Subtracting (3) from (2), we get 
X2—X3=u{h—t^+-^ a 
Subtracting (1) from. (3), we get 
A'a—Xi=iM (ta—ti)-i— a 
Subtracting (2) from (1), we get 


*, we get 

-d) 


■ (2) 


(3) 


(4) 

('-O 

■ (5) 


/a 2\ 



(6) 


Multiplying (4), (5) and (6) by h, h and ta respectively and adding, 

.4. 


we get 

(Xa—.Va) ti+Cxa— a:x) ta+C^i—A'a) ta 

Chfa — tita-htati tats) 

+-T- ['> ('I- 0 +'-('!- 0 ‘'''’(’r 0 ] 

==~^ ^ (ta~t3) + ti (ta—ts) (ta+ta)ta/g (ta — ta) J 

1 “ 

= ' 2 ' ® (ta—f3)(tira+tit3—tats) 

= -|- a (fa—ta) [(—ti (ti—ra) + r3 (ti—ta)] 

= ~^ o (ta ta) (ts ti) (tx ta) 

Hence j - ti+(x3—Xi) ta+(xi—Xa) ts 

(fa ta) (ta fi.)(fi—fa) 

Ex 12. A constable seeing a thief at a distance x m starts with a 
velocity u and moves with an acceleration « m order to catch him, while 
the thief runs with an acceleration (1, starting from rest, Show that the 

,.3 

constable will overtake the thief either if a>-p or if o(<p<a+-^ , 
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Let C and T be the initial positions of the constable and the thief 
respectively so that CT=x. Let the constable catch the thief at O in 
tune t 


c 




I 


T 

I 

-*n 


u 




p 


o 


Fig 31 


Now, CO^CT-VTO 


( 1 ) 


But CO IS the distance traversed by the constable in time t and TO 
IS that traversed by the constable in the same lime. 

CO=ut-\- and 

to=-y 

Hence, from (1), 


ut-\—~ ai^=A-+ ~~ pr® 
(p—a) —2 wI-|-2ji;=0 

_ 2i(+\/4u®—8.V- (p“a) 

2 (p-c) 


M 2jc (P—g) 

P—« 

If the constable catches the thief, the two values of t must be real. 
Hence, 

2jc (p—oi)^0 

i.e. either “^P . (i) 

or, a^p and u^'^2x (p—«) 


1 . 0 . 


«^P and 


2x 


A- " 


■ •(«) 
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It may be noted that m the first case (f), one value of t is positive and 
hence this value of t gives the required time, In the second case (n), both 
the values are positive, Of these two va u es, the smaller gives the time 
when the constable first catches the thief. 

Ex, 13 Two points P and Q move in a straight line AB The point 
P starts from A in the direction with velocity «i and acceleration/i 
and at the same time, Q starts from B in the direction BA with velocity 
Wa and acceleration /a. If they pass one another at the middle point of 
AB and arrive at the end of AB with equal velocity, prove that 

+ (/i—/i)=8 (fiUz—fiitt). 

Let AB=x and t be the time taken hy each point to reach the middle 
point O Let V be the common velocity of P and Q at B and A 
respectively 



-=a- Q 


u„ 


r, 


B 


Fig. 32 

Now, considering the motion of the point P from A to B and using 
the formula 

v^ — u^-\-2as, we get 

v“=Kx+2/iA' (I) 

Similarly, considering the motion of the point Q from B to A, we 

have 

= ul+2f^ ( 2 ) 

From (1) and (2), we have 

«i+2/iX = «a+2/aX 

{fx~f^x=ul — (3) 

Now, the points P and Q reach the middle point O in time t. Hence, 
using the formula S=ut-h ui®, we get 
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— =11. I 




and ^—“a 


Subtracting (5) from (4), we get 
0^(ur-Ui) t-h 2 ■ 


2 (un—fij) 


h-h 

Putting this value of t in (4), we get 




X 

2 


1 f 4(ug—i/i)^ 

2 (/i-/a)" 


2ui(»3-hi) 

(/i—/a)^ 'T=4 Ml (ug—Ml) ( A—ya)'l'4/i (wg—Mi)“ 
= 4 (wa—Ml) (tiifi- til fi+fitii—Uifi) 

=4 (ua— Ml) ifiU ^— 


(4) 

(5) 


( /i— /a) (w| — t/|) 

=>-2-(wa-wi) (/iMg—/jMi) 

=5- (Ma-htii) (/i—/a) = 8 (/iMa—/aMi). 

Hence the result, 


[from (3)) 


Ex, 14. Three screens arc placed at a distance a apart, and a bullet 
fired through them passes them at limes ti, tg and tg recorded by an 
electric chronograph. If the retardation is assumed uniform, show that its 
magnitude is 

2 (ts—tg+h) a 
Aa ti) (tg' tg) (tg ti) 

Let u, V and w be the velocities of the bullet when it strikes the first, 
cond and third screens respectively at times t., fg and respectively, 
t / be the uniform retardation throughout the motion of the bullet. 

. bullet strikes the second screen after time tg— fi from the instant when 
^ikes the first screen Similarly, the bullet strikes the third screen after 
ci/^ . from the instant when it strikes the second screen. Now, 
Hering the motion of the bullet from the first screen to the second 
“■^Ttig the formulae 


-an d v=u—ft, we get 
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First screen 


Second screen 


tti 

Third screen 


Fig. 33 

d=M -^7 (<a—fi)’“ .,(1) 

v=t(+/(<a—Ii) (2) 

Similarly, considering the motion of the bullet from the second 
screen to the third screen, we get 

a=i’ Ua—(a)-^/(ta—ta)^ ...(3) 

Substituting v from (2) in (3), wc get 

a~u (ta—fa) f (fa fi) (fa ta) — / (fa f*)^ (4) 

Now, from (1) we get 

f (fa-fiV 

«=-- 

Substituting in (4), wc get 

a (fa—fi)=£r (fa—fa)-I-y/(fa—fa) (ffl—tl)® 

-/(ta-fi)" (ta-ta)-y/(fa-fa)“ (fa~/i) 

la (fa—2fa+ri) = —/ (fa—fa) (f®—fi)“ + 2/ (fa—fa) (fa—fl)“ 

+/(fa—fa)* (fa—fi) 

—/(ta fa) (fa fi) (fa—faH~2f3—2fi—fa'Hf 
— /(fa ’fa) (fa—fi) (fa—fi) 

Hence, 

t 2a (fa 2fa~hfi) _ 

(fa fi) (fa ^fa) (fa"fi) 

Hence the result. 
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EXERCISE 4 

1 The distance c/cm travelled by a particle in / s is given by 
d=20 i;“4-50 (+19. 

Fmd the velocity and the acceleration after 3s. 

[Ans. 170 cra/s ; 40 cm/s“1 

2. If i5?=63 /—6 where d is in metre and t in second, find 

the velocity after 2s and the distance travelled before the 
particle stops- |CU. 581 

I Ans. 27 m/s ; 108 ml 

3 A particle moves along a straight line, and its distance from a 
fixed point on the line after f s from start is given by 
x—a+bi+ci", where a, b, c are constants. Prove that it moves 
with a constant acceleration. 

4. If the relation between I'cm/s and s cm is given by v — lOd- 

find the acceleration when s --900 cm. |^Ans. 4-^cm/s^J 

5. Find the acceleration of a body accelerated uniformly if its speed 
changes from (a) lO m/s to 25 m/s in 5s (b) 20 m/s in 3s, 

[Ans. (a) 5 m/s“ (b) —5 m/s°l 

6. A body moving with a speed of 36 Icm/h is brouglit to rest in 
10 s. What is the negative acceleration and the distance 
travelled by the body before coming to rest ? 

I Ans. 1 m/s“ ; 50 m] 

7 A body has a velocity of 15 m/s at a certain instant and 10 s 
later it has a velocity of 45 m/s. If the velocity changes 
uniformly, find the space described fAns. 300 m]. 

8. A particle starting from rest moves with an acceleration of 
4 cin/s^. Find m what time it will acquire a velocity of 60 cm/s. 
Also find the distance described in this time. 

[Ans. 15 s; 450 cm] 

9 A body starts from rest and at the end of 10 s, it is moving at the 
rate of 22 m/s ; 5 seconds later, its velocity is 105,6 km/h- Is the 
acceleration constant [Ans No] 

10 A French electric train gets up a speed of 20 km/h in 30 s and a 
certain English tram a speed of 57,6 km/h in 1 minute. Which 
train gets up speed more rapidly 7 [Ans. English tram] 

11. A body whose velocity is being constantly accelerated has at a 
certain instant a velocity of 22 m/s and in the following minute^ 
it travels a distance of 10320 m. Find the acceleration. 

[Ans, 5 m/s®] 
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13. 


14 


15. 


16. 


17. 


18. 


19 


20 . 


21, 


A bullet fired into a target loses half its velocity after penetrating 
3 cm. How much further will it penetrate. [Ana 1 cm] 

A train which is moving at the rate of 36 km/h is brought to 
rest in 2 minutes with a uniform retardation. Find the 
retardation and also the distance that the train travels before 


coming to rest. 


j^Ans. —jyni/s= ; 600 mj 


A body has an initial velocity of 200 cm/s and is subject to a 
retardation of 2 cm/s“ At what time will its velocity be zero 
and how far will it then travel ? [Ans 1 minute 40 seconds] 
A particle describes 650 m in 10s and its velocity at the end of 
that time is 80 m/s. Find the initial velocity and the 
acceleration. [An.“5. 50 ni/s ; 3 m/s“] 

The velocity of a train increases from 15 km/h to 60 km/h while 

It moves through a distance of- 5 —km If the acceleration is 

O 


uniform, find its magnitude. 



A particle moving in a straight line covers 12 m, 18 in and 42 m 
in successive intervals of 3s, 2s and 3s. Prove that these 
distances are consistent with the supposition that the point is 
moving with a uniform acceleration. Find also this uniform 
acceleration [Ans, 2 m/s®] 

A point moving with a uniform acceleration describes 25 m in 
the half second which elapses after the first second of its motion 
and 198 m in the eleventh second of its motion Prove that the 
initial velocity and the acceleration of tbc point arc respectively 
30 m/s and 16 m/s^ 

A ball rolling down a slope with a uniform accelciatioii passes 
three posts driven in the ground at equal distances. The 
velocities when passing the three successive posts are x, y, z. 
Prove that x^, 2 ^ arc in A.P. 

A particle starts with an initial velocity u and passes successively 
over two-halves of a given distance with accelerations/'and/^ 
respectively. Show that the velocity is the same as if the whole 

distance were traversed with a uniform acceleration 

[C.U. 40] 

An aeroplane in taking off from an airport has a run of 2000 m. 
If it leaves the run-way in 10s from the start and moving with a 
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22 . 


23. 


24 


25. 


26. 


27. 


28. 


29, 


uniform acceleration, what is (i) its acceleration, (ii) the velocity 
with which It takes off the ground ? 

LAns. (i) 40 m/s“ (ii) 400 m/s] 
A bullet moving at 100 m/s is fired into a wood block m which 
1 C penetrates 50 cm. If the same bullet moving with the same 
velocity were fired into a similar piece of wood but only 12.5 cm 
thick, with what velocity would it emerge supposing the resistance 
of wood in both the cases to be the same and uniform 

[Ans, 86,6 m/sj 

A locomotive driver rushing at 72 km/h finds a signal llO m 
ahead of him indicating he should stop He instantly applies 
brakes to stop the tram. The train retards uniformly and stops 
10 m before the signal post. What time did he take to stop the 
train [Ans 10s] 

A tram which is moving wilh a uniform retardation is observed 
to take 209 and 30s to travel successive kilometrci. How much 

further will it travel before coming to rest '> j^Ans. 408 '^nij 

A tram takes 50s in going from a station ^4 to a station B and 
in going from J9 to a station C also it takes 50s. The distance 

1 3 

between A and B is -r-kni and that fiom to C is V^km. If 

2 4 

the acceleration be imifarm, find its magnitude Find also the 
velocities at A, B and C. 

[Ans, .1 ni/s® ; 7,5 m/s ; 12.5 m/s ; 17-5 m/sJ 
A train is travelling at 50 km/h when the steam is turned olT and 
the brakes are applied. If the speed is reduced to 40 km/h in 


10 s, find how far the train will travel after the brakes arc applied 


before coming to rest. 


Ans. -^^km 


A lizard, at an initial distance of 21 cm behind and moving from 
rest with an acceleration of 2 cm/s* pursues an insect which is 
crawling uniformly along a straight line at 20 cm/s. Find when 
and where the lizard will catch the insect. 

[Ans. 21s ; at 441 cm from the starting point] 
A tram running with aceeleration passes by two stations A and 
5 with velocities 11 and V. Is the velocity of the train at half¬ 
time equal to, greater than or less than the velocity half-way ? 

[Ans. Less] 


A train is travelling at 36 km/h when the driver observes a stop- 
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signal. After 2 seconds, he applies the brakes which produce a 
constant braking force and bring the train to rest in 4 seconds. 

(i) Determine the distance travelled by the train from the time 
the driver first sees the obstruction until the train comes to rest 
(li) Had the tram been travelling at 72 km/h, how much longer 
would It have taken to stop, had the same action been taken by 
the driver ? 

(ni) What total distance would the train have travelled in the 
second case '> 1 Ansi (i) 40 m Cii) 4s (iii) 120 m] 

30. A car travelling with a uniform acceleration has a velocity of 

18 km/h at the instant of observation and 54 kin/h after covering 
a distance of 400 in. How much further must it travel to attain 
a velocity of 72 km/h I Ans. 350 mj 

31. Two bodies start from rest from the same point and move in the 
same straight line with uniform but different accelerations. After 
5 minutes one has a velocity of 2 m/s more than the other How 
much is the first body m advance of the other at this instant ? 

[Ans. 300 m] 

32. An object starts from rest and accelerates uniformly at 2 m/a“ 
for 10 seconds. It then moves with a constant speed (attained 
at the end of 10 s) for the next 20 seconds, and is then brought 
to rest under uniform retardation while travelling a further 
distance of 200 metres. Calculate 

(i) the total distance travelled and 

(ii) the total time of journey. [Ans. 700 m ; 50 s] 

33. A car .4 IS travelling at 36 km/h along a straight road The 
driver of this car notices airothcr car B, 100 metres ahead of it, 
travelling at 72 km/h in the same direction, A is then accelerated 
uniformly and overtakes B, after B has travelled 400 metres, 
(i) What was the velocity of car A at the instant it ovei-takcs B 

and (ii) what acceleration was imparted to /I m order to 
overtake B 1 [Ans. (i) 40 m/s (ii) 1.5 m/s®] 

34. A train travels from a station Z to a station Y in 45 minutes. 
At a point Z, somewhere between X and Y, it attains a maxi¬ 
mum velocity of 45 km/h. If it travels with uniform acceleration 
from Z to Z and uniform retardation from Z to Y, find the 
distance between Z and Y, it being supposed that the train starts 


35. 


from rest at Z and comes to rest at Y 

A train starts from A and stops at B. 
uniformly till it reaches a maximum 


[ 


Ans. 16 


km 




The velocity increases 
velocity V and then it 
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decreases uniformly. Show that the time taken by the train to 
run from AtoB is ■ ^ , where x is the distance between the 
two stations, 

36 One body A lies 30 m in front of another body B, and both start 
from rest. If A moves o/T with uniform acceleration of 4 m/s" 
and B runs with a uniform velocity of 10 m/s, is it possible for 
B to overtake A What happens if B runs with a uniform 
velocity of 16 m/s ? 

[Ans No In the second case B will meet with A twice 

during their motion] 

37. A cai starting from rest at A tiavels to B with uniform acceleration 

22 , 

of m/s" ; from 5 to C its speed is constant ; at C, the 
brakes aie applied, the subsequent retardation being uniform and 
equal to ~^m/s®. If the total distance travelled is i?580 m and 

the total time is 5-j minutes, find the time taken by the car 
to travel from B to C. [Ans, 1 minute] 

38, A car A is tiavelling on a straight level road with uniform speed 

of 60 km/h It is followed by another car B moving with a 
speed of 70 km/Ii. When the distance between them is 2 5 km, 
the car B is given a retardation of 20 km/h“. After what distance 
and time will B catch up A 1 fl.I.T. 66] 

I Ans, ,5 h, 32.5 km] 

39 The two ends of a train moving with a constant acceleration 
pass a certain point with speeds u and v respectively. With what 
velocity does the centre of the tram pass the same point ? 

I^Ans. ^^ („2-l-va)J 

40, A cyclist riding 18 km/h passes a car just as it begins to move 
in the same direction. The car maintains an acceleration of 

-^m/s“for 18 seconds and then moves uniformly. How far 

will It have run before overtaking the cyclist '' 

[Ans. 101,25 m] 

41. A point moving with uniform acceleration describes in the last 

9 

second of its motion Tj^th of the whole distance. If it started 
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from rest, how long was it in motion and through what distance 
did it move if it described 10 cm in the first second ’’ 

IA ns, 5 s, 250 cm] 

42. A particle starts with a velocity of 2C0 cm/s and moves in a 
straight line with a retardation of 10 cm/s'*. Find the time when 
it has described 1500 cm and explain the double answers. 

1 Ans. 10 s and 30 s] 

43. A burglar's car had a start with an acceleration of 2 tnjs‘ A 

police vigilant party came in a car to the spot at a velocity of 
20 m/s after 5 s and continued to chase the burglar’s car with a 
Uniform velocity. Find the time in which the police van will 
overtake the car. [A.M.I.E.] 

TAns. 5 s] 

44. A bus starts from rest with an acceleration of 2a m/s“. Show 
that a man who can walk at the rate of 8n m/s cannot catch the 
bus if he is more than 16a m behind it. 

45 A particle is projected in a straight line with a certain velocity 
and a constant acceleration. One second later, another particle 
is projected after it with half the velocity and double the 
acceleration. When the second particle overtakes the first, their 
velocities ate 31 m/s and 22 m/s respectively. Prove that the 
distance traversed is 48 m. 

46. A tram passes another train on a parallel track. The first is 
running at a uniform speed of 24 km/h and the second is running 
at a speed of 6 km/h with an acceleration of 50 cm/s“ How long 
will it be before the second train overtakes the first again, and 
how far will the train run in the interval ? 

j^Ans. 20 s , 133 m J 

47. A car accelerates from rest at a constant rate a for some time 

after which it decelerates (i e. moves with retardation) at a 
constant rate ii to come to rest. If the total time lapse is f 
seconds, evaluate (i) the maximum velocity reached and (ii) the 
total distance travelled [I I.T.] 

[Ans,(0^^;(n)j^J 

48. A particle starts from a point O with a uniform velocity of 
1.5 m/s and after 2 s, another particle leaves O in the same 
direction with a velocity of 37.5 cm/s and with an acceleration 
equal to 37.5 cm/s” Find when and where it will overtake the 
first particle. [Ans. 8 s after its start and at a distance of 15 m] 
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49, 


50, 


51 


52 


53. 


54. 


55. 


56 . 


A tram starts from A with a uniform acceleration of 20 cm/s*. 
After 2 minutes, the train attains the full speed and moves 
uniformly for 10 minutes. It is then brought to rest at B by the 
brakes producing a constant retardation of 24 cm/s'^. Find the 
distance AB. 1 Ans, 17.04 km] 

A paiticle traverses a distance of 450 m in a straight line at an 
average speed of 10 in/s starting fiom Test and finishing at rest. 
It moves with uniform acceleration for the first 10 s and is 
brought to rest by a uniform retardation m the last 20 s of its 
motion, and moves at a uniform speed during the rest of its 
motion. Find the acceleration and retardation. 

[Ans. 1 5 m/s* ; .75 m/s*^] 
A train stopping at two stations 2 km apart takes 4 minutes on 
the journey from one of the stations to the other. Assuming 
that its motion is first that of uniform acceleration x and then 
that of uniform retardation y, prove that 


—-b—^=4, a kilometre and a minute being the units of 
X y 

distance and tune respectively. 

The distance x of a particle moving in a straight line from a 
fixed point O on the line at time t is given by 
x~a cos (ni-\-k), where a, n and k are constants. .Show that its 
acceleration vanes as x and is directed towards O. 

A particle moves along a straight line and at a distance .v from 


a fixed point O on the line, its velocity is fj. Prove that 

its acceleration is directed towards O and js inversely proportional 
to the square of the distance. 

The law of motion of a body moving along a straight line is 
x= — vt, X being its distance from a fixed point on the line at 


time t, and v, its velocity there Prove that it moves with a 
constant acceleration. 

A point moves along a straight line in such a way that after 
t s, its acceleration is (tH 2) cm/s*. If the point starts from 
rest, find its velocity after 3 s and the distance travelled in that 


time. 


|~Ans. lO—cni/s ; 13-|-cm.J 


A tramcar starts from rest with an acceleration which is initially 
1 m/s*. The acceleration varies directly as the time and it 
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decreases until it vanishes after 15 3. Find the velocity after 15 s 
and the total distance travelled in these 15 s. 

lAiis. 7.5 m/s ; 75 m] 

57. If a point moves along a straight line in such a way that when 
its distance from a fixed point is s m, its velocity is (50—2 j) m/s. 
Find the acceleration (i) when it has moved it distance of 15 m 
and (lO when its velocity is 10 m/s. 

[Alls (i)—40 m/s“ ; (ii)-20 m/s“] 

58 The acceleration of a body stalling from rest is initially 22 m/s^ 
and decreases uniformly with the distance covered until it reaches 
zero, when the body has travelled 550 m, after which the velocity 
is constant. Find its speed when it has covered (i) 100 m, 
(ji) 550 m and the distance it has travelled when its speed is 
88 m/s. [Ans (i) 63.2 m/s ; (ii) 0 m/s ; 220 m] 

59. Five minutes before the finish, a cyclist had a velocity of 27 km/h. 

At the finish it was 36 km/h. What is his acceleration m m/s“ 
assuming it to be constant ? (Ans, ,5 m/s“] 

60. A body covers half of its journey with a speed of a m/s and the 
other half with a speed of 1 m/s. Calculate the average speed 

of the body during the whole journey. Ans. -m^m/s 

L, ct~r I? 

61. A body moves from a place .,4 to a place 5 at a constant speed 
of 20 km/h and returns immediately at a constant speed of 
30 km/h. Explain why the average speed of the body during the 
whole journey is 24 km/h and not 25 km/b. 

62. Find the distance described during the tenth second by a particle 
having initial velocity of 60 im/s and moving with a uniform 
retardation of 2 m/s® Find the time m which it comes to rest 
and the distance described before it comes to rest. 

[Ans. 41 m : 30 .s ; 900 m] 

63. A body moving with a uniform acceleration describes 55 m in the 

sixth second from rest. How much distance will it move in the 
eighth second ? [Ans. 75 m] 

64. A body travels 200 cm in the first two seconds and 220 cm in the 

next four seconds. Assuming the motion to be under uniform 
acceleration throughout, calculate the velocity at the end of 
seventh second from the start. [I.I.T, 64] 

65. A point is moving with uniform acceleration. In the eleventh 

and fifteenth seconds from the commencement, it moves through 
720 cm and 960 cm respectively Find its initial velocity and the 
acaeleration with which it moves. [Ans. 90 cm/s ; 60 cm/s*] 
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66 . In two successive seconds, a particle moves through 20 5 cm and 
23.5 cm respectively. Assuming that it was moving with uniform 
acceleration, find its velocity at the commencement of the 
first of these two successive seconds and its acceleration, Find 
how far it had moved from rest before the commencement of the 

first second. j^Ans. 19 cm/s , 3 cm/s “; 60-~ cm J 

67. A point moves in a straight line and describes 16 cm in the 2nd 

second of its motion, 28 cm in the 5th second and 52 cm in the 
11th second. Prove that these distances are consistent with the 
supposition that the motion is uniformly accelerated. Also find 
the whole distance described in 10 s from the beginning of the 
motion. LAns. 300 cm] 

68 . A point traverses 7 m in the first second, 11 in m the third 
second and 17 m m the sixth second Is the acceleration umfouii ? 

[Ans. Yes] 

69. Two cars start off for a race with velocities u m/s and v m/s and 
their accelerations arc ot m/s® and p m/s® respectively. If the 
race ends in the dead beat, prove that the length of the race is 

2 (k~v) (lip—ya) 

C«—p)® 

70. In a car race, two car* Ci and C\ start simultaneously from rest. 

Cl travels throughout with a uniform acceleration fii and Ca with 
£ 7 a. If Cl wins the rac e by time /, show that the velocity of Ci 
at the finish was more than that of C'a, when Cj reached 

the finish point. 

71. Two cars left a point A simultaneously and reached a point B 
also simultaneously after 2 hours. The first car travelled half 
of the distance at an average speed of 30 km/h and the other 
half of the distance at 45 km/h. The second car travelled the 
entire distance with a constant acceleration. 

(0 At what instant were the speeds of both the cars the same ? 
(n) Will one of them overtake the other en-route 

[Ans. After 50 minutes or 75 minutes ; no car overtakes 

the other en-route] 

72. An express train is overtaking a goods train on the same line, 
their velocities being iii and 1/3 respectively. When there is a 
distance jv between them, each is seen from the other. Prove 
that it is just possible to avoid a collision if (wt— 113 )®“ 2 (/iH /a) x, 
where fx is the greatest retardation and /a, the greatest 
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acceleration which can be produced in the two traini 
respectively 

73 . A goods train is travelling at a speed of Vu. It is followed by a 
passenger train travelling on the same track with a speed, vi 
When the distance between the two trains is y, the 
driver of the passenger tram applies brakes and gives his tram a 
uniform retardation a Show that (i) there will be no collision if 

(0 :v> ^ and (ii) there will be a collision if Y< ^ 

2a 2a 

74 A particle starts from rest in a .straight line with alternate 
acceleration and retardation of magnitudes 2 m/s* and 1 in/s* 
respectively during equal intervals of 15 s. Find the distance 
travelled in 1 minute, [Ans 1575 m] 

75. A particle starting from rest moves with con.stant acceleration, 

Y m/s* for IQs; travels with constant velocity for a further 10 s 
and then retards at 2 y m/s* to come to lesf at u place 350 m 
from its staiting point Find the value of .y, 1 Ans, 2] 

76. The distance between two stations X and Y is 7,875 km. A tram 
starting from rest at X accelerates uniformly tor 6 minutes at the 
end of which its velocity is 45 km/h. The tram runs at this 
constant speed until it decelerates uniformly for 3 minutes to 
stop at a station Find the total time for the journey. 

[Ans. 15 minutes] 

77. Astronauts are trained foi highly accelerated motions. An 
astronaut drives a rocket-diiven sled on a straight horizontal 
track and attains a speed of 1620 km/h in 1 8 s, starting from 
rest. 

(0 Assuming the acceleration / to be constant, compare it with 
the acceleration due to gravity, g, where g=10 ra/s* 

(li) What is the distance travelled in these 18s? 

[Ans, (i)-^=25 (li) 405 m] 
g 

78. At the instant the traffic light turns green, a car starts from rest 

with a constant acceleration of 2 m/s*. At the same instant, a 
truck travelling with a constant speed of 10 m/s, overtakes and 
passes over the oar. (i) How far beyond the starting point will the 
car overtake the truck t (ii) How fast will the car be travelling 
at that instant ? [Ans, (i) 100 m ; (li) 20 ra/s] 

79. In a particle acceleration, an a-particlc enters a 2 m long tube at 
1000 m/s and leaves at 9000 m/s. How long was the particle m 
the lube and what was its acceelration 

[Ans. 400 micro seconds ; 2X 10* m/s*] 
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80 A car ^ IS travelling at 36 km/h along a straight road The 
driver of this car notices another car £, 100 m ahead of it, 
travelling at 72 km/h in the same direction A is then accelerated 
iiniforiTily and it overtakes B after 5 has travelled through 400 m 
(i) What was the velocity of car A at the instant it overtakes B ? 
(li) What acceleration was imparted to A in older to overtake B ? 

lAns (0 40 m/s ; (ii) 1,5 m/s“J 

81. A charged particle enters an electric field with a speed of 

5X 10” m/s and comes to rest in 10 cm. What is the letardation 
due to the electric field ? lAns. 1,25 X 10^” in/s“J 

82. In an electron-gun of a TV tube, an electron enters the accelerat¬ 

ing region at lO'^m/s and emerges out at 4x]0“ni/s If the 
acceleration of the electron was 8 X lO^^m/s", what is the length 
of the accelerating path ? [Ans, 1 cm] 

83 In a car accident, the skid marks on the road had a length of 9m. 
Aasuming that the maximum retardation would not exceed the 
acceleration due to gravity, g, where g ~10 in/s", was the driver 
exceeding the speed limit of 36 km/h ’’ [Ans. Yes] 

84. An arrow while being shot from a bow was accelerated and left 

the bow over a distance of 60 cm. If the arrow left the bow 
with a speed of 60 m/s, what was the average acceleration 
imparted by the bow ? lAns 300 m/s] 

85. A body moves in a straight line AB and its distance from A after 
t seconds \s d If and t satisfy the relation 

25 i;\- 375 

for all values of (, find (i) the average velocity of the body during 
the 4th second and (li) the velocity at the end of 4th second. 

[Ans. (i) 2.875 m/s ; (li) 3 25 ra/sj 

86 . A train travels from rest at one station to rest at another station 
in the same straight line distant dm. It moves for the first part 
of the distance with an acceleration of a m/s^ and for the 
remainder with a retardation of b m/s-. Show that it will 

accomplish the journey in ^ ^ seconds 

87. If Vi, va, V 3 be the average velocities in three successive intervals 
of time /i, fi, ta of a point moving in a straight line with uniform 
acceleration, show that 

Va _ 

Va—Va t2 + h 
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88 , 


89. 


A particle starts from rest and moves with uniform acceleration 
for a time tx. The acceleration then ccaies and it moves with 
uniform velocity for time/a describing a distance n. It then 
moves with uniform retardation and comes to rest after a time 
ta Prove that the whole space described is 




Two particles move in the same .straight line starting at the same 
moment from the same point in it, the first moves with constant 
velocity u and the second with constant acceleration/, during the 
time that elnp.ses before the second catches the first. Show that 

iP- 

the greatest distance between the particles is at the end of 


u „ 

time—from rest. 

90 A train starting from rest travels the first part of its journey with 
constant acceleration /, the second part with constant speed v 
and the third part with constant retardation/'. The train is 
then brought to rest again. If the average speed for the whole 
7 

journey is -^v, showthatthe tram is travelling at constant speed 
0 

for three-quarters of the total time Find also what fraction of 
the distance is described with constant speed. 

lAnS. Ih] 

91. A point moving with constant acceleration from A to B in the 
straight line A3 has speeds ii, v at A, B respectively Find the 
speed at C, the mid-pomt of AB, and show that if the time from 
^ to C be twice that from C to B, then v~lu. 


92. Two particles, P and Q, start together and move from the same 
point A along the same line AB. P has a uniform velocity of 
20 m/s and Q, a uniform acceleration of 4 m/s^ and no initial 
velocity. Find when and where they meet again. Before they 
meet again, find when the distance between the two will be 
maximum and what is the maximum distance ? 

[Ans. After 10 s from start at a distance 200 m ; 

5 s from start ; 50 m] 
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93. 


94. 


95. 


A point moves in a straight line from A to £ with uniform 
acceleration. Show that if P is the position at half-time, 

AP _ 3«-hv 
F£ uH-3i' ’ 

where u, v are the initial and final velocities. 

Prove that for a particle moving with uniform acceleration/in a 
straight ]mc. 



where x is the space described in / s and x' during the next i's. 

LC.U 48 ; P.U. 43] 

A point moving in a straight line with uniform acceleration 
describes distances a and b in successive intervals of time ti and 
/a- Prove that 

/ \ .L I i- 2 (hti—o/a) 

(l) the acceleration is , . 

Ills Ul+'s) 


96. 


97. 


98. 


W ^ 1 1 , 1 _ 3 

a„d(,0 

where ti, tsi ^.re the times when successive equal distances are 
described. 


The two ends of a train moving with a constant acceleration pass 
a certain point with velocities u and v. Find, in terms of u and v, 
what proportion of length of the train will have passed the point 
after a time equal to half that taken by the train to pass it, 



3n+v 

4 - 


Two particles move m the same straight line with constant 
accelerations /i and /a, If their velocities be Ui and wa at a certain 
instant when they are at distances yt and from a fixed point on 
the line, prove that they can not pass each other more than twice, 
and if they do so twice, the interval between the two times of 
passing is 

~J~fl V (mi— >2) (/i—/a) • 

A particle starting from rest moves in a straight line, first with 
uniform acceleration a and then with uniform retardation 6. If 
it comes to rest in time t, measured from the beginning, after 
having described a space x, prove that 



rC.U. 45] 
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100 , 

lOL, 

102 . 

103. 

104. 


The velocity of a bullet, p m/s, is reduced to zero by penetrating 
X m inside some sand If it penetrates y m (y < v), the velocity is 
reduced to u m/s. .Show that u : v—"V^ x — y : \/.v 
A particle starts from rest with acceleration / ; at the end of 
time t, it becomes 2 /, at the end of time 2 r, 3 /and so on. Find 
the velocity at the cud of time nt and show that the distance 
described is 

n (n + l'i (2n+l) n Q i-h 1)// j 

A body starts from rest at A and moves with uniform acceleration 
f in a straight line. T s later, a second body starts from A and 
moves with uniform velocity u m the same line. If u>2fT, prove 
that the second body will be ahead of the first for a time 

yVnOi-i/n 

A distance x is divided into n equal parts at the end of each of 
which the acceleration of a moving particle is increased by 

, Show that the velocity of the particle after de.scribing the 

distance is 


where / is the initial acceleration of the particle starting from 
rest 

The velocity of a train increases at a constant rate fx from 0 to 
V, then lemains constant for an interval, and finally decreases to 
0 at the constant rate/s. If x be the total distance described, 
prove that the total time taken is 




Four stations A, B, C, D on a railway are so placed 

that AB=-~- BC=CD=20 km. A tram has a maximum speed 

of 50 km/h to which it can accelerate uniformly in 10 minutes 
and from which it can decelerate uniformly to rest in 5 minutes 


Find the shortest time m which the tram can travel from start at 


A to stop at D, (a) stopping for 2 minutes at B and at C, 


(b) without stopping at B or C 


[Ans. (a) 2 hours 2 


^minutes ; (b) 1 hour 43 ^ minutes] 
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105 Two pai tides move in straight lines over equal diSLiUices from 
lest to rest, The first partide has constant acceleiation/for the 
first third of the time, constant speed for the second third, and 
constant retardation j for the last third of the time, The second 
particle has constant acceleiation J for the first third of the 
distance, constant speed for the sccoiid third, and constant 
retardation / for the last third of the distance Show that the 

times taken by the two particles arc in the ratio jV 3:5. 

106. A particle is piojccted from 0 along a straight line and moves 
with uniform retardation to rest at a point A The distance OA 
IS divided into n equal intervals. Show that the ratio of the 
lime taken to describe the rth interval to the time taken to 
describe OA is 

V'n—r+l— Vn-r . 

107. A tram starting from rest accelerates uniformly till it attains a 

speed of 72 km/h, It maintains this speed and passes a 23,6 km 
mark m 20 minutes from the commencement of motion Find 
its acceleration in m's’, [Ans. 0.5 m/s^] 

108. Prove that it is impossible for a particle to move in a straight 
line so that its velocity varies as the distance described from the 
commencement of the motion. 



Chapter 5 


Motion in a Straight Line under 
Gravity 


5 1 Acceleration due to Gravity 

When a body is dropped from some height above the earth's surface, 
it falls to the earth due to the attractive force exerted on it by the earth. 
This attractive force is called “gravity’" The direction in which this force 
acts IS approximately the line joining the centre of the earth and the centre 
of the mass of the body. Tina force is nearly constant at a particular part 
of the earth’s surface and is independent of the mass or shape of the body 
atthe place It may be observed that as the body falls from a height above 
the earth's surface, its velocity continually increases ns it comes nearer the 
earth’s surface, In other words, it falls with an acceleration, It has been 
shown by many experiments that if the body is free from air resistance, 
the acceleration is uniform and acts in the direction of the gravity. Thus 
if a body is let fall in vacuum, it will fall with a constant acceleration along 
a straight line joining the body and the centre of the earth i.e. 
vertically downwards This acceleration is called “the acceleration 
due to gravity”. It is generally denoted by the letter ‘g’ The value 
of ‘g’ IS the same for all bodies at a particular place, but its value varies 
slightly from one place to another on the surface of the earth Its value is 
9.78 at the equator and 9,83 m/s“ at the poles, In all numerical 
examples, we shall always take the value of V as 9 8 m/s® unless it is 
stated otherwise in the problems. For more approximate calculation, we 
sometimes lake its value as 10 m/s®. 

When a body is thrown vertically upwards with certain initial 
velocity, then this velocity will gradually deciease till it becomes zero. 
After this, the body will start coming back to the earth with acceleration 
“g”. Thus when the body moves up vertically, it moves with negative 
acceleration, —g, and when it moves down, it moves with acceleration, g. 
Hence, g is taken as positive for the downward motion and negative for 
the upward motion of a body. 
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5,2. Equations for Vertical Motion 

Case 1 : Motion of a body projected vertically downwards 


Let a body be projected vertically downwards 
from a point O with velocity u. The body moves 
downwards in which g is positive. To study the motion, 
we can take the point O as the origin and the vertical 
through O as the x-axis. The downward direction is 
taken as the positive direction. The time t is measured 
from O. Let v be the velocity of the body after time / 
and let the distance covered by the body be /i. Let b, 
be the distance covered m tth .second. Then using the 
equations of motion of a body on a straight line, 
discussed in the previous chapter, we get 

v—u-hgt, 

v^=-u^ + 2gh 

and /ii=M+-^S'(2t—1), 


O 


f 

I 

I 

I 

I 

h 


'lu 


Fig. 34 


Which are the required equations of motion of a body projected with an 
initial velocity u vertically downwards. 

In particular, if the body falls freely from a height h, then the initial 
velocity u will be zero and the above equations of motion will reduce to 


h=^gt\ 

v^=2gh 

and h,= ~gi2t-l). 


Case 2 ; Motion of a body projected vertically upwards 

Let a body be projected vertically upward,s from a point O with a 
velociiyti, The body moves upwards in which g is negative with 



90 
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decreasing 'velocity. To study the motion, we lake O 
as the origin and the vertical tliroiigli O in the up¬ 
ward direction as the positive direction of ihc .v-axis 
We measure time from 0. Let v be the velocity of the 
body after O'me t and let the distance covered in time 
t be ft. Lct/i( denote the distance coveiedintth 
second In the upward direction, we take m, v, h to 
be positive but gis negative. Hence, the equations ol 
motion become 

v=w—gt, 

1 n 

h=ut—~gt-, 
v“=u’—'2g/i 
and /n—u— 



5,3 Convention of Signs 

The acceleration due to gravity, g, is taken to be positive while 
considering the motion of a body m the vertically downward direction and 
negative in the case of upward motion of the body. For deteuniinng the 
signs of u, V and h, we can choose any direction, upward or downward, as 
positive, For example, if we choose the vertically downward direction as 
positive and if a body is dropped from a rising balloon, rising up with a 
velocity u, then u should be taken as negative while considering the down¬ 
ward motion of the body. 

It should be noted carefully that h m the above equation of motion 
denotes the magnitude of the “displacement” and not the “total distance” 
covered by the body. Hence, h is the distance between the initial and the 
final positions of the body. It is positive or negative according as the 
displacement is in the positive or negative direction We consider an 
example, Let a body be thrown vertically upwards with an initial 
velocity u from a certain height above the earth’s surface. Let the body 
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rise at ii height /i, above ihc point 
of projection, where its velocity 
becomes zero. The body then comes 
back to the ground. Let hi be the 
gieatest height above the giound. 
Now, if we consider the downward 
motion of the body, we can choose 
the downward direction as po.sitive. 
Then it should be taken as negative, 
and g and v positive. The value of 
h should be taken as —/u and not 
Ai-h/ia 



Fig. 36 

5 4, Greatest Height and the Time to attam the Greiite.st Height 

A body is thrown vertically upwards with an initial velocity u. To 
find the greatest height attained by the particle and the time to attahi the 
greatest height. 

The body will attain the gieatest height//when its final velocity 
wi e 2 ®ro. onsidcring the vertically upward motion and using the 
formula v^—u“—2gh, we get 


This formula gives us the greatest height attained by the body. To 

find the time T taken by the body to attain the greatest height, we use the 
formula v=m —gt and obtain 

Q~u—gT 



This formula gives us the time taken by the body to attain the 
greatest height i.e the time of ascent of the body, 

After attaining the greatest height, the body will begin to fall. If T' 
be the time of fall and r be the velocity on reaching the ground again, 
then considering the downard direction as positive,, we get 

gT^ 
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11“ 

2g 




and 


=> r=~-=r 

g 

y^=2gH=-2g~=ifi 



v=w. 


Thus for a body projected vertically upwards 
(i) the time of rise=time of fall 
aud (ii) the Velocity on reaching the ground again 
=the initial velocity of protection 

Hence, the total time of flight— 

g 


5,5 Time and Velocity at any Height 


M 


Let a body be projected vertically 
upwards from O with an initial velocity w 
and at any time t, let the particle be at 
P at a height h above the ground so that 
OP=h. 

Then taking the upward direction as 
positive, we have 

h='-iii—^ 

gt^~tit-\-h=Q 

==> f= u±\/u^—2gh 

g _ 

_ J‘ I Vu^~2gh 
g g 



Fig. 37 


If w 2gh>0 ">■ u^>2gh, then both the values of t are real The reason 

for this two real values of t is that the body is at the same height twice, 


once on its way up, the tunc H for which is tx=JL Vu^—2g/i ^jd 

g g _ 

once on its way down for which the time u is given by i Vu^—2gh 

§ g 

Obviously, 
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Again, the two values of t are imaginary if ificigh i e. u< s/2gh 
It means tha t the body can not rise to the height h if its initial velocity u 
is less than */2gh 

In case u^=2gh, then t= ~ which gives us the time taken by the 

s 

body to attain the greatest height. Hence, m this case OP will be the 
greatest height. 

We also note that when /r“>2g/;, 

— time to attain a height OP 

— time to attain a height OiVf+time to describe 
a distance MP 


,=JL_ \/iP-2gh 


. . " , ■\/iP—2gh 

and / 2 =— +- 

S P 


But the time to attain the greatest height 0/1/=- 


Hence, it follows that the time to reach H/ from P during the upward 


motion= 


_ V' ir~2gh 


S ■ g 

the downward inotion=fa- 


and the time to reach P from M during 


u \/ iP—2gh 

f!- ~~ P 


Thus, time of rise to the paint of maximum height M from any 
point P = time of fall from the point of maximum height M to the same 
point. 

To find the velocity at any height h, we use the formula v^=u^--2gh. 
This gives v=±-\/u'“—2g/i ■ The positive sign gives the velocity of the 
body on its way up through the point, and the negative sign gives that on its 
way down. Thus at the S'ame point of its path, the magnitude of the velocity 
of a body is the same when falling as when rising. A particular case of this 
result IS that when reaching the point of projection again during the down¬ 
ward motion of a body, the velocity is the same as the velocity of 
projection 

To find the interval between these equal velocities, we note that this 
interval is the difference of tunes and fa taken by the body to move up 
and down the distance PM- Thus the interval between these equal 


, .. . 2 V u^—2gh 

velocities=f8—/i= -= 

s 

where V IS the velocity at P. 


2 V 


g 
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5 6 Motion along a Smooth Inclined Plane 

Let AB be the vertical section of a smooth inclined plane mclmed 
at an angle oi to the horizon, and let P be a body on the plane. The line 
AB represents the line of greatest slope. Now, by parallelogram of vectors, 
the vertical acceleration g is equivalent to an acceleration g cos« 
perpendicular to the plane in the downward direction and an acceleration 
g sin oL down the plane. Now, the body has no motion perpendicular to 
the plane and so no motion is created due to the acceleration g cos a. 
perpendicular to the plane. Hence, the body moves down the plane with 
an acceleration g sin a. If we consider the motion up the plane, then the 
acceleration up the plane should be taken as —g sin a. The investigation 


B 



of motion of a body along the inclined plane is similar to that along a 
vertical line except that we substitute g simx instead of g for 
motion down the plane and — g sina instead of—g for motion up the 
plane m the equation of vertical motion. Thus the equation of motion 
down a smooth plane of inclination a are 

v=u+g sin a , t, 
s=ut + -^ g sin a . 
v“—u^+2g sm a s and 
Si==u+ ^g sin a . (2t—1). 

If the body starts from rest, then n should be taken as zero in all 
“these formulae. 
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Similarly, the equations of motion of a body up a smooth inclined 
plane are given by the following formulae : 

Y=u—g sin « . t, 

1 

s=ut - j g sin a 

v“=h“ —sin a. . s and 
xt = u -^ g sin a , (2 1). 

We note that if /i be the height of the plane, then sm “=-~ so that 
the formulae 

v“=u"±2g' sin K.j become 
v'=tr + 2g/i 

which are independent of a, the inclination of the plane. Hence, the 
final velocity v for motion of the body up or down the plane will be the 
same for all planes of the same height, provided the initial velocity u 
remains the same in each case. 

5,7. Motion down a Smooth Chord of a Vertical Circle 

We shall now prove a well-known theorem on the motion of a body 
down a smooth chord of a vertical circle. The theorem can be stated as 
follows • 

The time taken by a body to slide down any smooth chord of a 
vertical circle starting from rest, the chord being drawn from the highest 
point of the circle is constant an I is equal to the time taken to fall down its 
vertical diameter. 

Let AC be any chord drawn through 
the highest point ^ of a vertical circle and 
let AB be the vertical diameter. Let 
Z.B^C=0 and AB^d Let Tbe the time 
taken by the body to reach C starting 
from A. Now, the acceleration along 
AB—g cos 0. 

Also, AC=d cos 0 

[ Z.ABC=90’’\ 

Hence, d cos 0=“^ g cos 


B 

Fig. 39 
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which IS independent of B and is, therefoie, constant. This tunc is the 
same as that taken by a body to fall from rest down the vertical diameter 
AB. 

Remark : It can be shown similarly that the times of sliding down 
from rest along all chords of a vci heal circle ending at the lowest point 
are equal. 

5.8 Solved Examples 

Ex 1 A body IS thrown vertically upwards and rises to a height of 
10 in. Calculate (a) the velocity with which the body was thrown Upwards 
and (b) the time taken by the body to reach the highest point. 

Here the maxium height is 10 m. Hence, the velocity of the body at 
this height is zero Here /i= 10 and v—0 

Let u be the initial velocity, 

(a) Considering the upward motion as positive and using the 
formula v^=u^—2gh, we get 

0=u"-2X9.8X10 

=■ u^=196 ^ w=14. 

Hence, the lequired initial velocity of projection=14m/s 

(b) In this case, using the formula 

v=u—gt, we get 

0=14-9.81 

, 14 10 

98 7 ■ 

Hence, the required time taken by the body to reach the greatest 

I, '0 

helght=-:^ s. 

Ex, 2. A particle is projected upwards from the ground and after 
some time it is seen at a height of 21 m falling downwards with a velocity 
of 16m/s. How long before this was it moving upwards through the same 
point and what was its velocity then ? Find also the tune from start to 
the highest point (Take g=10 m/s“) 

Let the particle be projected from O on the ground with initial 
velocity u. When it comes at F at a height of 21m, let the upward velocity 
at F be V m/s. The paiticle then attains the maximum height OA and so 
the velocity of the particle at A is zero The particle then comes back from 
A and when it comes to the same point F again, its downward velocity is 
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16ib/s. Let r seconds be the time taken by the 
particle to describe the distances PA and AP. 
Clearly, the displacement during t seconds is 0. 
Taking the upward velocity from P as positive, 

and using the formula h~ut —we get 
0=vl~ yXlO .. (1) 

Again, using the formula v = w—gt, and consi¬ 
dering the motion for the distances PA and AP, 
we get 

—16=v—10r=:>10t=v+16 - (2) 

From (1) and (2), we get 
10r=5(' + 16=>5r=16 



Putting in (1). we get 
v=5X ^==16 

Hence, the particle was moving for 3.2 seconds 
to describe the distances PA and AP and its 
velocity at P while moving up is I6m/s. 


I a 



Fig. 40 


Now, to find the time taken by the particle to reach the highest 
point, we should find the initial velocity u at the ground, Now, consider¬ 
ing the upward motion from O to P and using the formula 2g/i, 

we get 


16“=a“-2x 10X21 

=^ti=V67^=26, 

Hence, the required time from the start to the highest point 

= ii.=?^^=2.5 J. 

g 10 

Ex. 3. A body falls freely from the top of a tower and falls 
4 

j- th of the whole distance during the last section of its flight. Find the 
height of the tower (Take g=10m/s®). 

Let t s be the time of fall. Then the distance traversed in t th second 
= (2/—l) = 5(2r— 1 ) 
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Now, the whole distance= 10J°=5/“ 

4 4 

Hence, ~ th of this distance=5t’x ■^-=4/* 

4l"-5 (2/—1) 

=>4/“—10i+5=0 

^,^10±-\/l00—80 _10±-\/2Q_ 1Q±2^5 _ 5j:y '5 

8 8 8 4 


Since t should be greater than 1, we reject 
than 1. 


. ^-\/5 which IS less 

4 


Hence, 


j_ 5-|-V5 


Hence, the required height of the tower 

_ 5C25-I-5-M0V5 


m 


16 

_ 754-25V5~ 
8 


in 


m 


Ex. 4. A balloon has been ascending vertically at a uniform rate 
for 4.5 s and a stone let fall from it reaches the ground in 7s. Find the 
velocity of the balloon, and its height whence the stone is let fall. 

The balloon is moving up at a unifoim velocity. Let um/s be the 
uniform velocity of the balloon and let /i m be the height of the balloon 
during 4 5 s, 

A=4 5 u (1) 

At this height/i, a stone is diopped from the balloon. Initially, the 
velocity of the stone will be equal to the velocity of the balloon i.e ii m/s 
in the upward direction The stone takes 7s to reach the ground i.e to 
traverse a distance h. Considering the dowhward motion as positive, we get 

by using the foimula h=iit-l-~gt-, 
h——lu+ 

= —7w+5 X49 --=245—7H 


( 2 ) 



9S> 
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From (0 and (2), we get 
4.5 m= 245—7i( 

=^^ 11.5 1/^245 



Hence, the velocity of the balloon is 21,30 m/s and its height whence 
the stone is let fall is 95.61 m nearly. 

Ex. 5. A particle is dropped from a height of 144 m and after 
2 

falling of distance passes another particle which was projected up¬ 
wards from the ground at the instant when the first was dropped. Find to 
what height the second particle rises. 


Let the first particle be diopped from 
c and after t seconds, let it come to 3, where 
2 

CB=~^ X 144 m=96 in. Let the secon 

particle be projected from A on the ground 
and after the same time /, it comes to B where 
A3—(144 — 96) m=48 ni. Now, consider¬ 
ing the downward motion of the first 
particle from C to J3 and using the formula 

h — ui+ we get 


96^-^gt^ 

■ (1) 


J 192 

t2) 

g 

Now, considering the 

upward motion 


of the second particle from A to B and using 
the formula h—ut — we get 

48 = ut- -^gt^ 



Pig. 41 
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« -96 

Y g 

u = Jj— X144 
Af 192 


[from (1) and (2)] 


If H be the greatest height attained by the second particle, then 

cr V \ 

192 ''27 

144 A 144 


rr_“l =-£2iiil^v 
H 2g 


192X2 


= 54. 


Hence, the required height attained by the second particle is 54 m 
Ex,6 . A particle is projected upwards with a velocity u ; n seconds 
afterwards, another particle is projected upwards with a velocity v from the 
same point. If the two particles meet at the highest point reached by the 
first, show that 


v—u= 




2 (.u—ng) 


The greatest height attained by the first particle is and the 

time to attain this height is 


f = 


g 


The second particle attains this height m time — n ^ 

Hence, considering the upward motion of the second 
using the formula h=ut —we get 


seconds, 
particle and 




—V 




r 


^ M^ = 2v (u—F ig) —(m— 

—2«^+2ivv—2nvg+2FjMg=Fi^g^ 

2« iv—u)—2ng (v—n)=FJ^g^ 

=> 2 (v—n) (u—F7g)=FiV 
FiV 

2 (w —F7g) ■ 


=> v—u— 
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Ex, 7 A stone is dropped into a well and the sound of splash is 
heard after 4 seconds Assuming the velocity of sound to be 340 m/s, 
determine the depth of the well. 

Let h m be the depth of the well and let t seconds be the time taken 
by the stone to reach the surface of water. Since the total time taken by 
the stone and the sound is 4 seconds, the sound takes (4—f) seconds to 
describe a distance of It. 

Considering the vertically downwand motion of the stone and using 
the formula h~ut~\r-^ gi", we get 

h=--0 + -~X9.S 
= 4.9 <2 

Now, considering the uniform motion of the sound, we get 
/i=340X(4-t)=i360-340 ( 

From (1) and (2), wc get 

4 9t24-340f-1360=“0. 

-340d:-v/340^+4X4 9X 1361)' 

^ ' 2X4.9 

-340±Vll56004-26666 
~ 9.8 

— 340+V142256 —340±37V.17 

“ 9.8 9.8 

Since t can not be negative, we take the positive value of (, 
37 17 

Thus t= ' = 

9.S 

From(l), 

*=4.9X3.79=' 


.( 1 ) 

...( 2 ) 


= 70.38. 

Hence, the required depth of the well is 70.38 m. 

Ex. 8. A man in a lift, ascending, with an acceleration / m/s" throws 
a ball vertically upwards with a velocity v m/s relative to the lift, and catches 

2v 

it again it t seconds. Show that /+g= 


[C. U. 44] 
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The lift IS moving upwards with an acceleration f m/s^ and the hall 
moves vertically downwards, freely under gravity with acceleration g, when 
it is released from the lift. Hence, the acceleration of the ball relative to 
the lift=(/-|- g) m/s* downwards The displacement of the ball relative to 
the lift in time 1 is zero. Hence, considering the upward motion of the ball 
and using the formula 

h=ut -—^ a/*, we get 
0=vf— 



Ex. 9. From an aeroplane rising vertically with uniform acceleration 
/, a ball IS dropped ; 4 seconds after this, another ball is dropped from 


the aeroplane. Show that the distance between the two 
balls 2 seconds after the second ball is dropped is 
16 (g+/). Let A be the position of the aeroplane 
when the first ball IS dropped During 4 seconds, let 
the position of the aeroplane be at B. Let u and v be 
the velocities of the aeroplane at A and B respectively 
The first ball is dropped lioin A and the second from 
B Let Q be the position of the second ball 2 seconds 
after it is dropped from B and let P be the position of 
the first ball, 

Now, considering the motion of the aeroplane 
from A to B and using the formula v=M+at, we get 

v=m+4/ ...(1) 

It should be noted that the aeroplane is moving 
up against gravity with its own acceleration / and hence 
we have used v=u+4/ and not v==h— 4/. Had a 
body been projected up with initial velocity ii, it would 
move Up freely under gravity with retardation g and 
m that case we would use the formula 



B 



A 


Q 

p 


v=u—gt. 

Also, the distance AB has bsen traversed by the 
aeroplane in 4 seconds. 

Hence, AB=4u+ ^ /4*=4m+8/ 


Fig. 42 


-( 2 ) 
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Now. considering the motion of the second ball from to and 
taking the downward direction as positive, we have, by using the formula 

h=ut-\—Y 

52- - -v.2 4-Yff'2“ 

--2 (« ! 4/-)4 ..(3) 

[from (1)1 

In the above, the negative sign of the initial velocity of the second 
ball has been taken. This is because the aeroplane is moving up with 
velocity v at 5 and hence the initial velocity of the ball when it is dropped 
from the aeroplane is also i> in the upward direction. The initial velocity of 
this ball IS, therefore, —v in the downward direction which has been 
chosen as the positive direction. Since the first ball had been dropped 4 
seconds earlier than the second ball, the first ball will take (4-1-2) seconds 
or 6 seconds to travel Ihe distance Now, considering the motion of 

the first ball from A to F and using the formula /r’-iit-r --- gl-, we get 

...(4) 

Hence, the required distance between the two balls two seconds after 
the second ball is dropped 

^PQ^BP-BQ 

=-BA-l-AP-BQ 


=4M + 8/-6w-|-18g+2(H+4/)—2g 

[from (2), (3), and (4)1 


= 16[g-l-/]. 


Ex. 10. If a particle takes n seconds leas and acquires a velocity 
of p m/s more at one place where acceleration due to gravity is gi than at 
another where acceleration due to gravity is gj, on falling through the 
same distance, show that 



Let A and C be the two places where the accelerations due to gravity 
are gi and respectively. Let the particle be dropped at A from B and 
the same particle be dropped at C from D, where AB = CD~h. Let tx and 
/a be the times taken by the particle to travel distances BA and DC 
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Fig. 43 



respectively and Vj, va be the final velocities of the particle at A and C 


respectively. It is given that 

. .(1) 

and Vi—Va=p ..(2) 

Considering the motion of the particle from B to A and using the formula 
h’=ut+~ gt^ and y^=u^+2gh 

h-j ..(3) 

vi^=2gi/i ...(4) 


Similarly, considering the motion of the particle from D to C, we get 


and Vs^=2ga^ 

From (3) and (6), we get 



..(5) 

.,.(6) 



motion in a straight line under gravity 
Hence, uiing (4) and (5), we get 

t —t — 

12 fl-/— ■ 

V 
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[from (Ij and (2)] 


Ex. 11. A particle starts from rest from the top of a smooth 
mclmed plane of a given base. Show that the time of fall is least when 
the inclination of the plane to the horizon is 45 , fC.U. 38] 

Let be an inclined plane with base 
and height ..4C. Let J?C=h, 
and / be the time from A to B. Consider¬ 
ing the motion down the plane and using 

the formula h=ut-\—~ g sin «. we get 


AB = -^g sin 




But from A ABC, we have 
b 


cos D=" 


AB 

Hence, from (1) and (2), 


AB==- 


cos 0 


...( 1 ) 


...( 2 ) 


b 


4b 1 

cos 6 

2 g sm 0 , 1 

1 

g 

sin 0 cos 0 

g sin 20 


r ^ ^ 


t-2 ^ 

g V'sin 2 0 




1 C 


Now, since b is given, t is least when sin 2 6 is greatest i.e. when 
20=9O°=--0=i^45°. 

Hence the result. 

Ex. 12. A particle is allowed to slide down a smooth inclined plane 
from its top and after describing ~ th of the length, it passes a second 
particle which was simultaneously projected up the plane from the foot. 
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What fraction of the total height of the plane does the second particle 
rise ? 

Let AB be the inclined plane of length with base BC and height 
AC^h. Let /^ABC=e. 



D F C 


Fig. 45 

3 

Let the two particles meet at D after time (, where AD=—r. I and 

4 

BD=~ 1. Let u be the initial velocity of the second particle which is 
thrown up the plane from B. Now, considering the upward motion of the 
second particle fiom B to D and using the formula h=ut — ~ g sin a . 
we get 

/=wt—g sin 0 . 

Again, considering the downward motion of the first particle from A to D, 
wc get 

^ si" ® ---(S) 

Adding (1) and (2), wc get 
l~ui => f= 

u 



...0) 
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Let the second particle ascend up the plane upto the point E where 
its velocity becomes zero. Let BE—J. and the height of E above the base 
BC\t>.EF~h' Considering the upward motion of the second particle 
from B to E and using the formula —2 g sin . A, we get 

0 =«"—2g/' sin 0 


2g sin 0 

Hence, from (.3) and (4), \vc get 

_r_ tr 2g sin fl _ 

I ~~ 2g am 6 ^ 3ir .3 


-.(4) 


Ex. 13. A particle sliding down a smooth inclined plane is obiorved 
to pass over two con.secutive equal distances of 3 cm in s and a 


respectively, Find the inclination of the 
plane to the horizon. (Take g~10m/s^) 
Let B, Q and B be three consecutive 
points on the inclined plane y4B such 
that jPQ=QR — 3 cm-. 03 m. Let 
Z/1J9C=0, whore BC is the base and 
u4C IS the height of the inclined plane. 
Let u be the velocity at B. The distance 
BQ~3 m is described by the particle 

in a and the distance BB is described 


by the particle in 

Hence, considering the motion of the 


A 



particle down the plane from B to Q and from P to B successively and 
using the formula A=uf+ g sin <» . vve get 


.03=1/.-^4-"^ XlOXsin 

=> .12=2m+ 5 sin 6 

and . 06=11 X lOXsin 0. ( — ^ 

.96 = 12m+ 45 sill 0 
^ .32=4u+15 sin 0 


...(I) 


-..(2) 
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Multiplying ( 1 ) by 2 and subtracting from (2’l, we get 
.08=5 sin 0 


sin 0 


.03 

5 


8 

500 


2 

125 . 


Hence, 0 sin ^ giving the inclination of the plane with the 

horizon. 

Ex. 14. A£ IS a quadrant of a cncle with centre O, OA being 
horizontal. C is a point on the quadrant such that Z_AOC-^ 26. Prove that 
the interval of falli ng from ^ to C and that of falling from C to £ are in 
the ratio ^ j|jj 0 ^0 



Fig. 47 


We join AC and CB. Let 
ODi_AC and OE\,BC Let a be the 
radius of the circle. 

Since /.AOD--=-y Z.AOC=&, 

AD —sin 0 

AC—2 AD—2a sin 6 . 

Z. COB = 90“ —20. 

ZCO£=-~ZCOB 

=45“-6 

C£’=a sin (45“ —0) 
05=2021=20 sin (45°-0), 
Now, ZO/1C=90°—0. 


If CF IS drawn paralled to the horizontal OA, then 


ALBCF=90° — AOBC 

=9O°-(45°+0)=45° —0. 


Let Ji and h be the times from A to C and that from C to B 
respectively. The lines AC and CB will make angles 0 and 45°+0 
respectively with the vertical. Hence, the component of the vertically 
downward acceleration g along AC is g cos 0 and that along CB is 
geos (45°+0). Now, considering the motion of the point from Z to C and 
from C to B, we get 

1 2 

■i^C=-—g cos 0 . r 
^ 1 
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1 ^ 
2a sin 0"^ -r- g cos 0. t 

2 1 




ri-= 


4 


4a sin B 
g cos 0 


and 

C5=- 

■g cos (45" LO) . 



=> 

2a sin (45" 

cos (45"-fO). 




i. 

r 4a sin (45“ - 0) . _ f 

4a sin (45“ 

0)« 



g cos (45‘'+0) V 

g sin (45"'- 

-0) 



Hence, 


ti ^ ! 4a / sin 8 . f 4a 
ta "y g y cos 6 ’ y g 

sm 0 ■ ■%/ '•os 0. 


Ex. 15. A parabola has its axis vcitical and its verte.x at the lowest 
point. Prove that the time of descent of a particle down any smooth chord 
to the lowest point is equal to that of falling vertically to the horizontal 
line which is at a depth below the vertex equal to the latus rectum. 

Let AP be any chord passing through the vertex A of the parabola, 
P being any point on the parabola, Let/IK be the axis of the parabola 
and we draw PNi.A Y. 

Let Z.PAN=Q. We take the tangent at the vertex as the x-axis and 
the axis of the parabola as the y-axis. Let P be the point (x,y). Let the 
equation of the parabola be x^=4ay, where 4a is the length of the latus 
rectum and (0,a) arc the coordinates of the focus S of the parabola. We 
draw a straight line MB parallel to x-axis and at a distance 4a from the 
vertex away from the parabola. 

Let t be the time of descent down the chord PA and T, the time of fall 
vertically from P to the line MB. 

Considering the motion of the particle from P to A, we get 


PA 



cos 


0 . 


..( 1 ) 


Considering the vertical motion of the panicle from P to A/, we get 


PM=~gJ^ 

From (1), 


...(2) 




AN 

AP 



[From the equation of the 
parabola x^=4a}>] 


...(3) 
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in 


From (2), 

AN+AB--- jgT^- 

^ ;/-! ‘^a--~gr- .-(4) 

From (3) and (4), we get 
l=T. 

Hence the result, 


EXERCISE 5 


Note ■ Take fi'~9.8 mjs^ unless otherwise stated. 

1, What is the height of a river bank if a stone falling from it 

reaches the water in 3 seconds? What is the final velocity of the 
stone’’ [Ans. 44,1 m, 29.4 m/s) 

2, Two loads are dropped from a helicopter with zero initial 

velocity is after each other. How far apart aie the loads 2s and 4s 
after the first load was dropped’’ fAns 14.7m and 34.3m] 

3, Compare the time of free fall from equal altitude above the 

moon’s and the earth’s surfaces, if the acceleration of falling 
bodies on the moon is 1.6m/s“. [Ans. 2^/2 : 7) 

4 From the top of a tower 98m high a body is projected vertically 
upwards with a velocity of 39.2in/s, Find 

(i) the greatest height attained from the top of the tower 

(ii) the velocity with which it strikes the ground and 
(ill) the time during which it remains in the an. 

fAns, (i) 78.4m (ii) 58.8m/s (lii) 10s] 

5. A ball IS piojected vertically upwards with a velocity of 19 6m/s. 
Find 

(0 the time taken to reach the greatest height. 

(ii) the greatest height. 

(iii) the position of the ball after / = 5 seconds 

(iv) the time taken to reach a height of 14.7m. 

lAns. (i) 2s (ii) 19,6m 
(iii) 24.5m below the point of projection (iv) Is and 3s 1 

6. A stone is projected vertically upwards with a velocity of 98m/s. 
Find 
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0) the position of the stone when t=20s. 

(ii) how far the stone travels during the 11th second of motion, 
(lii) the time at which the stone is at a height of 93.1m. 

[Ans. (0 At the point of projection, (ii) 4.9m ; this is 
the distance fallen in Is from the greatest height 
(ill) Is and I9s] 

7. A man is throwing four balls simultaneously m such a way that 
while he is throwing one ball, other three are then in air. If each 
ball attains a maximum height of 4 9m 

(i) find the velocity of projection of each ball. 

(ii) what are the positions of three balls with respect to thrower’s 
hand when he throw’s a particular ball 

[Ans (i) 9 8m/s (ii) I 225m, 4 9ra and 1.225m above his hand] 

8. The ram of a pile-driver is lifted 4,9m is 5s It then falls on the 
pile How many blows can the pile-driver make per minute 

[Ans. 10] 

9 A hammer falls freely from a height of 1.25m. What is its 
velocity just before striking ? (Take g—lOm/s^) [Ans 5m/s] 

10. A falcon dives for its prey with a velocity of lOOm/s. From what 

height must it dive to attain this speed ? (Consider the flight of 
the falcon as a free fall) (Take g=10m/s*) [Ans 500m] 

11. From what height did a body fall if it dropped 75m during the 

last second of the fall (Take g—lOm/s^) [Ans. 320m] 

12. A small but heavy body was dropped trom a balloon at an 
altitude of 1125 m How long did it take to reach the ground 
If 

(i) the balloon was motionless ? 

(ii) it was descending at a velocity of 15 cm/s (The initial 
speed of the body relative to the balloon was zero ) 

(Take ^=10 ni/s^) 

[Ans (i) 15 s (li) 13.6 s] 

13. A body falling from rest under gravity passes a certain point 
with a velocity of 120 m/s From what height above the point 
did the body begin to fall v Where was it 2s previously and 
where will it be 2s later 

(Take g=10 m/s) 

[Ans. 720 m; 500 m; 980 m] 
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14. A body IS projected upwards with a velocity of 14.7 m/f,. After 
what time will il be respectively at heights of ‘J S m, 11.025 m 
and 15 m above and 19.6 m below the point of proj'ection ? 

I^Ams. Is or 2s; I-— s; cannot rise so high; 4s J 

15. A stone is projected vei tically upwards with a velocity suflicient 

to carry it to a height of 50 m. Find its velocity when it is 
halfway up. |Ans. 7VTo in/s] 

16. A body falls freely from rest at the top of a lower 98m high. 

Calculate the time taken by the body to reach the ground and 
the velocity of impact. lAns. 4.5s, 43 Sm/s. | 

17. It is safe to jump from the height of 2m on the surface of the 
earth. What is the corresponding safe height on the surface of 
a planet where the giavitational acceleration is l.Qbm/s^ ? 
(Assume the surfaces of both the planets to be equally hard.) 

[Ans, lOmj 

18. A jet plane is rising vertically with a velocity of lOm/s. It has 
reached a cerlain height when the pilot drops a coin, which takes 
4 seconds to hit the ground. Assuming tnat there is no resistance 
to the motion of the coin, calculate the height of the plane and 
the velocity of the coin on impact with the ground. 

[Ars. 38.4m, 29,2m/s] 

19. P and Q are two points in the same vertical line, P being above 
Q. A heavy particle is projected vertically upwards from Q with 
velocity which will just carry it to P and at the same time a 
heavy particle is dropped from rest at P. Show that when the 
particles meet, their velocities will be equal and opposite and the 
space passed over by the particles will be as 3 ; 1. 

20. A stone is dropped down a well and hits the water after 3s. 
Calculate the depth of the well and the velocity of the impact. 

[Ans. 44,1m ; 29.4 m/s] 

21. A brick is dropped into a well in which the level of water is 30m 
below the top of the well- What is the time after which the sound 
of the splash is heard ? Velocity of sound in air is 332ni/s 

II.I T.61; AIIMS 67] 
[Ans. 2.56s] 

22. A stone is dropped into a well in which the level of water is 
78.4 m below the top of the well, The sound of the splash is 
heard 4.24 s later. What is the speed of sound in air ? 

[Ans. 326.6 rn/s] 



14 


blementary dynamics 


23. A cricket ball of mass ISO E IS thrown vertically upwards with 

an initial velocity of 29.4 m/a. Calculate (i) the time taken by 
the ball to return to the thrower (ii) the velocity with which U 
returns to the thrower and (iii) the maximum height attained by 
the ball. [AHMS 69] 

[Ans. (i) 6s (ii) 29.4 m/s downwards (iii) 44 1 m] 

24. A body is projected vertically upwards from the top of a tower 
with a velocity of 29.4 m/s. If the height of the tower be 78.4 m, 
calculate the time taken by the body to reach the ground below 

[A.I.D.M.S 75] 
[Ans. 8s] 

25 A boy throws a ball vertically upwards from the ground to the 
top of the school flag-pole. It returns to the ground after 2s 
What IS the height of the pole [AIIMS 73] 

LAns. 4,9 m] 

26. A ball is thrown vertically upwaros is caught by the thrower 
after 9s. 

(i) HoM' high did the ball rise 

(ii) With what velocity was it thrown ? 

(ill) What was its heights 6s after projection ’’ 

[Ans. (i) 99,225 m, (ii) 44,1 m, (iii) 88 2 m] 

27. An anti-aircraft shell is fired vertically upwards With a velocity 
of 490 raja. 

(]) What is the maximum height attained ? 

(li) What time does it take to reach this height ? 

(ill) When will its height be 4410 m ? 

[Ans. (i) 12.25 km, (ii) 50s, (lii) 10s and 90s] 
28 A balloon is ascending at the rate of 14 ra/s at a height of 98 m 
above the ground when a packet is dropped from the balloon. 
After how much time and with what velocity does it reach the 
ground ? [Ans. 6.12 s, 46.02 m/s m the downward direction] 

29. A ball IS thiown vertically upwards with a speed of 19.6 m/s 

from the top of a tower and returns to the earlh m 6s. Find 
the height of the tower. [A.I.S.S.C. 78] 

[Ans. 588 m] 

30. A foot packet is released from a helicopter winch is rising 

steadily at 2 m/s, After 2s (i) what is the velocity of the packet 7 
(ii) How far is it below the helicopter ? [D.B. S.S.C. 84] 

[Ans. (i) 17.6 m/s in the downward direction 
(ii) 15.6 m below the helicopter] 
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31. 


A bag released from a balloon at rest falls freely for 10s before 

hitting an over-head transmission wire. The bag loses-^th of 

its velocity due to impact of the wire and then strikes the ground 
below after Is. What was the height of the wire ? 


I Ans. 1 8.9 m] 


32, A parachutist bails out from an aeroplane and after dropping 
through a distance of 40 m, he opens the parachute and 
decelerates at 2 m/s-. If he reaches the ground with a speed of 
2 in/s, how long is he in the air '? At what height did he bail out 

from the plane '> [Ads. ISy s ; 235 m] 


33 A body is dropped from rest at the height of 150 m and 
simultaneously another body is dropped from rest from a point 
100 m above the ground. What is the difference in heights after 
they have fallen (i) 2s O’i) 3s ? [Ans. (i) 50 m (b) 50 m] 

34. A ball IS allowed to fall from a tower 2000 m high. As soon as 
the ball reaches half-way, the acceleration due to gravity 
suddenly vanishes. Discuss the situation, 

1 Ans The ball will full with a constant velocity 
of 140 m/s I 

35. From an elevated point A, a stone is projected vertically 
upwards, when the stone reaches a distance h below A, its 
velocity IS double of what it was at a height h above A. Show 

. 5/j 

that the greatest height attained by the stone above .,4 is ^ . 

[A.I.I.M.S. 73J 

36. From a point P, 10 m above the ground, a stone is projected 
vertically upwards, when it rs 6 m below P, its velocity is double 
of what it was at a height of 6 m above P Show that the 
point P is exactly midway between the ground and the highest 
point, 

37. A bag released from a balloon at rest covers 24.5 m during the 
last second of its molion. (i) What is the height of the balloon 
(ii) With what velocity does the bag hit the ground ? 

[Ans. (i) 44,1 m (ii) 29.4 m/s] 

38. Two bodies are thrown vertically upwards with their velocities 

in the ratio 2‘ 5. What will he the ratio of the maximum 
heights attained by them ? [Ans. 4 : 25] 



116 


elementary dynamics 


39 Tn a circus show, a juggler throws a ball with a velocity of 
14.7 m/s vertically upwards At the same instant, another ball 
starts falling along a parallel line from rest fiom a height of 
9 8 m. Cl) What will be their velocities at the instant of crossing 
each other ? (n) At what height do they cross each other 

[Ans, (]) S 16 tn/s upwards, 6 53 m/s 
downwards (ii) 7 62 m] 

40. Two balls arc projected vertically upwards at the same instant 
along parallel lines from the ground One ascends 34 3 m higher 
than the other and returns to the ground 2s later. Find the 
velocities of projection of the balls and the heights attained by 
them. [Ans. 39.2 m/s ; 29 4 m/s ; 78.4 m ; 44.1 m] 

41 A bag IS dropped from a balloon ascending at the rate of 12 m/s 
vertically, when it is 80 m above the ground. How much time 
does the bag take to reach the giound [Ans 5 4 s] 

42. A food bag is dropped from a helicopter, ascending with a 
uniform vertical velocity, and reaches the ground below in 10s. 
When the bag reaches the ground, the helicopter was at a height 
of 490 m. With what velocity was the helicopter ascending ’ 

[Ans. 5 m/s] 

43. A parachutist drops freely from an aeroplane for 10s before th 
parachute opens out. Then he descends with a net retardation 
of 2 m/s^. Find the height at which he gets out of the aeroplane, 
if he reaches the ground with a velocity of 8 m/s. [I.I.T 62] 

[Ans. 2875 m] 

44 A cage in a mine shaft is rising with a velocity of 15 m/s. A 
piece of coal which falls from the cage takes 8 s to reach the 
bottom of the shaft. Find how high the case was above the 
base of the shaft when the piece of coal fell out, and also the 
velocity of impact [Ans. 193.6, m ; 63.4 m/s] 

45. A stone is thrown vertically downwards with an initial velocity 
of 40 m/s. If It takes 2s to reach the ground, from what height 
was the stone projected ? Find also the velocity of impact, 

[Ans. 99.6 m ; 59 6 m/s] 

46. A ball falls from a height of 9.8 m and rebounds to a height of 

4.9 m. Calculate the time from the moment of release to the 
second impact with the ground. [Ans. (V" 2-|-2) s] 
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How many times must the initial velocity of a ball thrown up 
vertically be increased in order to double (i) its maximum 
height and (ii) the time of its upward motion 7 

[Ans. (i) 2 times (ii) 2 times] 

A fountain must use not less than 2.5 m and not more than 
5 m. What initial velocity must the jet have ? 

fAiis. IF Vo m/s be the initial velocity, then 7.0 <:Vq<7'\/ 2 ] 

A balloon staits rising with aa acceleration of 2 m/s^. 5 seconds 
afterwards, ballast was released with a zero initial velocity 
relative to the balloon. How long will it take the ballast to 
reach the ground Assume that g=10 m/s^. [Ans (l-l-'\/ 6 ) s], 

A body moving in a vertically upward direction passes a point 
at a height of 54.5 cm with a velocity of 436 cm per second ; 
with what initial velocity was it thrown up and how long further 

4 

will It rise [Ans. 545 cm/s ; s] 

A body is projected vertically upwards with a oeitain velocity 
and it is found that when it is 500 m from the ground, it takes 
10 s to return to the same height again. Find the velocity of 
projection and the whole time of flight 

[Ans. 110.46 m/s ; 22.5 s] 
2 

A block falls from a mast-head and is observed to take s m 

falling from deck to the bottom of the hole, a distance of 9.8 m. 
Calculate the height of mast-head above the deck. 

[Ans. 25.947 m] 

Two bodies arc projected from the top of a building, one 
vertically upwards with a velocity of 35 m/s and the second 
vertically downwards with an initial velocity of zero The second 
body starts 5 seconds after the start of the first. It is found that 
both the bodies strike the ground at the same time. Determine 
the height of the buildmg. [Ans. 68.91 m] 

A body is projected vertically upwards with an initital velocity of 
24,525 m/s. Find the height to which the body rises. Another 
body is projected vertically upwards 2s aftci the first with an 
initial velocity of 19,62 m/s. Find when the two bodies are at 
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the ■iame height and find also the velocity of each body at this 
instant. [Ans 30 69 m ; 2 s after the projection of 

second ; 14,675 in/s downwards and zero] 

55, A stone falling from the top of a vertical tower has descended 
X m when another is let fall from a point y m below the top, If 
they fall from rest and reach the ground together, show that the 

(x+ 

height of the tower IS ~~ -in [C.U. 36] 

56, A stone falls freely for 3 s when it passes through a sheet of glass 
and loses half its velocity and then reaches the ground in-^ s 
Find the height of the glass above the ground. LAns. 15,925 m] 

57 A, B, C, D are points in a vertical line, the length AB, BC. CD 
being equal If a body falls freely from A, prove that the times 
of describing AB, BC, CD are respectively as 

1. (V^-1) (Vl-V^) 

fa. A stone dropped into an empty pit of depth h is heard to strike 
the bottom after t s. Prove that 

where v is the velocity of sound supposed so large compared 
with h that^ -y ^ can be neglected. [C.U. 33] 

59 . A body projected vertically upwards from the top of a tower 
reaches the ground in ti seconds. If projected vertically down¬ 
wards with the same velocity, it reaches it in ta seconds Prove 
that if simply let drop, it would reach the ground in "v/ 11/2 s, 

60. A stone is dropped from a certain height and is observed to fall 
the last /i m in f s. Show that the total time of fall is 



61. Bodies are simullaneonsly projected vertically downwards from 
heights Ai, A2, /I 3 With velocities Vi, V 2 , V3 respectively, and they 
all reach the ground at the same moment. Show that 

hi~ ~ha ha—ha _ h-j —Ai 

Vi—Va Va—V3 V3 —Ml 
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If instead of projecting the two bodies downwards, if they are 
thrown vertically upwards from heights /ti, /ij, h%, prove that 

vi(Aa“' hn) - h r-jC/ia —' /ii) + I’sl/ii—/12) 0 . 


62. A particle is projected in the vertically upward direction. The 
velocities of the particles at heights xj, and .vg from the 
point of projection arc respectively Vi, and i;,. Show that the 
acceleration g due to gravity will be 

- - Vi“Ai (X2—-Yaj+l 'i^Aa ( Xa —A'l l-ln'a ^Xa (Ah—A'a) 

^ 2(xa Aa) (X3— Xi) (vi X'a) 


63. 


A boy m a lift, which is descending with uniform acceleration f, 
drop* a marble at a height h from the floor of the lift at an 
instant when the velocity of the lift is v. How long will the 
marble take to reach the floor Test your result by putting /=0 
and f—g in turn. What will be the answer if the lift is rising 


instead of descending ? 




64 A lift starts from the top of a mine shaft and descending with a 
constant speed of 10 m/s ; 4 seconds later a boy throws a stone 
vertically upward.s from the top of the shaft with speed 30 no/s. 
Find when and where the stone hits the lift. (Take g—10 m/s*) 
[Ans. After 12,90 s after the start of the lift; 

129.0 m below the top of the shaft,J 


65 , A parlicle is projected vertically upwards with a velocity of 
u m/s and after t s, another particle is projected upwards from the 
same point with the same initial velocity. Prove that they will 
meet at a height of 

4n ^—/ t _i_ u\ 

-5-=— m after I -;r- '-) second* 

\2 g / 

66 A rocket ascending vertically from the ground with an initial 
velocity of ->/ 2g>' in per second explodes when it reaches the 
greatest height, and the interval between the sound reaching the 

place of starting and a place distant x m from it is — th of a 

n 

second. Show that the velocity of sound is n (a/ x^-hy'^—y) m/s. 

67 The depth of a well is to be measured by dropping in a stone 
and observing the time T which then elapses before the impact 
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at the bottom is heard. Prove that the depth of the well is given 
by the smaller root of the equation 

gx^-2xCv^+gyr)+gy^r^^o, 

where V is the assumed constant speed of sound in air. 

Hence, show, with the help of a binomial expansion, that 
if gT is small compared with K the depth of the well is 
approximately 



68 With what velocity must a particle be projected up a plane 10 m 
in length and inclined to the horizon at an angle of 30° so as to 
reach the top in one second 7 [Ans. 12.45 m/s] 

69. A particle is projected (i) upwards, (ii) downwards on a plane 
inclined to the horizon at an angle of 30°. If the initial velocity 
be 8 m/s in each case, find the distances described and the 
velocities acquired in 4 s. 

FAns. (i) 7.24 m below the point from where it started ; 

11 62 m/s (ii) 71 24 m down the plane ; 27 62 in/sj 


70. A heavy particle slides from rest down a smooth inclined plane 
which IS 15 m long and 12 m high. What is its velocity when it 
reaches the ground, and how long does it take ? 

[Ans 15.342 m/s ; 1.95 s] 

71. A particle sliding down a smooth plane 1962 cm long acquired 
a velocity of 981 cm/s starting from rest Find the inclination of 

the plane. Ans. sin“^-^J 

72. A body is projected with a velocity of 1660 cm/s up a smooth 
inclined plane of inclination of 30°. Find the distance described 
up the plane, and the time that elapses before it comes to rest. 

[Ans. 2809 cm ; 3.39 s] 

«s 

73. An engine rises up an incline of 1 in 20 with a uniform 
acceleration of 2 m/s^ starting from rest at the foot. After a 
certain distance the steam is shut off and the impetus just carries 
the engine to the top. If the length of the incline be 5 fcm, find 
where the steam was shut off. (Take g= 10 m/s®) 

[Ans, 1 km from the bottom] 
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74. 


A smooth mcliacd plane of length / and height h is fixed on a 
horizontal plane. Find the velocity with which a particle must 
be projected down the plane from the top m order that it may 
reach the horizontal plane in the same time as a particle let fall 


vertically from the top. 


Ans. 


V- -/■== 

I 



15. A particle slides without friction down an inclined plane and in 
the 5tli second after starting passes over a distance of 
2207.25 cm ; find the inclination of the plane to the horizon. 

[Ans,30’J 


76. Two smooth inclined planes of the same altitude and of 

elevation a and p stand back to back. A body projected up the 
first plane from its foot along the line of greater slope with a 
Velocity u, ascends it, and without losing any velocity at the turn, 
descends the second plane. Find its velocity at the foot of the 
second plane. [Ans. u\ 

77. Two heavy particles begin to slide at the same instant from the 
common vertex of two smooth inclined planes. Prove that the 
line joining them moves, remaining always parallel to itself. 

78. A body moving down a smooth inclined plane is observed to fall 
through equal spaces s in consecutive intervals ti, tg, prove that 
the sine of the inclination of the plane to the horizon is 

2s (ti— h) 
gti h (ti+ta) 


19. Two particles slide down two straight lines in the same vertical 
plane, at right angles to one another, starting simultaneously 
from rest from their point of intersection. Prove that their 
distance apart at any time will be equal to the distance either of 
the two particles would have descended vertically in that time 

80. If a chord is drawn from one end of the horizontal diameter to 

any point of a vertical circle, show that the time the particle 
would take m sliding down that chord would vary as the 
square root of the tangent of the inclination of the chord to 
the vertical. [U.P. 38] 

81. In a vertical circle, two chords are drawn from an extremity of a 
horizontal diameter, subtending angles at and 2 a at the centre. 
If the times of sliding down these chorda be as 1 : n. Show that 
sec — 1. 
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82. 


AB is a vertical diameter of a circle whose plane is vertical and 
PQ, a diameter inclined at an angle 9 to AB Find 6 so that 
the time of sliding down PQ may be twice that of sliding down 


AB, 


Alls, cos^^- 



83, A particle slides down a smooth chord of a veitical circle ending 
in the lowest point Show that the velocity acquired vanes as' 
the length of the chord, 

84. APB and AQC aee two circles with their centies in the same 
vertical line ABC, and touching each other at their highest 
points If APQ and Ap(i he any two chords, prove that the 
times of descent down PQ and pg fiom rest at P and p are 
equal. 


85, A tangent at any point ? of a circle meets the tangents at the 
entremities of a vertical diameter AB in C, D respectively. If /i 
and h be the times of sliding from rest down CP and PB 
lespectively, prove that 

ti _ chord AP 
h chord BP ' 



Chapter 6 


Laws of Motion 


6.1 Introduction 

In the previous chapters, we have discussed about kinematics i.e. 
different kinds of motion of a body or a particle and t)ie geometry of 
motion without any consideration of what lias caused the motion or the 
mass that is moved. In this chapter, we shall discuss about kinetics or 
Dynamics proper i,e. the relations which exist between matter, force and 
motion. The motion of a body, the change in motion of a body when 
acted upon by an external force, the action of one body on another and 
so on can be investigated by three well-known laws of motion of Newton. 
In fact, the whole science of Dynamics is based on these three laws. 
Student! have studied these laws with various ]llu.slrations in detail in 
physics in the earlier classes. Wc shall, therefore, explain these laws 
briefly in this chapter and derive important formulae. 

6.2 Newton’s Laws of Motion 

There are three laws woich are stated below : 

First Law ' Every body continues in its state of rest or of uniform 
motion in a straight line except m so far as it is compelled by some external 
impressed force to change that state. 

Second Law The rate of change of momentum of a body is 
proportional to the impressed force, and takes place in the direction in which 
the force ads. 

Third Law ■ To every action, there is an equal and opposite reaction. 

There is no direct proof of these laws. These laws can, therefore, 
be taken as the axioms. 
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6,3 First Laiiv of Motion 


There are thiee parts of the first law. The first part deals with the 
state of rest of a body, the second part, with the state of uniform motion 
in a straight line and the third part with the definition of force, The first 
part states that a body at rest cannot move on its own unless compelled by 
an external force to do so. The second part states that a body in motion 
will continue to move uniformly for ever in absence of any external force 
The third part of the law states that when there is a change of the state 
of rest or of uniform motion in a straight line or a tendency to have 
many of such changes, then the body must be acted upon by some force 


The tendency of a body to continue in its state of rest or of uniform 
motion in absence of any external foice is called the property of inertia. 
Hence, Newton’s first law of motion is also known as Law of Inertia. 
Inertia is thus a property which all matter possesses by virtue oj which it 
resists any attempt to start it from rest or stop it if it is already in motion, 
or change in any manner its direction or motion. The third part of Newton’s 
first law of motion gives the definition of a force. Thus a force is 
defined as that which changes or tends to change the state of rest or of 
uniform motion of a body in a straight line. Whenever we See that a body 
IS at rest, it means that the resultant force acting on the body is zero. 
Similarly, when we find that a body is moving with a uniform velocity, we 
can Conclude that there is no resultant force acting on it. Motion of a body 
with acceleration or retardation is due to the presence of a resultant force 
acting on the body. 


6.4 Second Law of Motion 


Newton’s second law of motion involves a physical 
“Momemtum" which is defined as follows ; 

The momemtum of a moving particle or body at any 
as the product of its mass and its velocity at that instant. 
quantity. Its direction is in the direction of the velocity, 
system is kg m/s. Thus if m kg be the mass and v m/s be 
a body at any time, then its momemtum is the mv kg m/s 


quantity called 

time is defined 
It IS a vector 
Its unit in S.I. 
the velocity of 


While the first law of motion gives us information about the 
existence of a force, the second law gives us the idea of measurSng the force. 


6 5 Derivation of the Relation between Force, Mass and Acceleration 

Let a conhnuous force i'^be acting on a body of mass m and let v be 
the Velocity and a be the acceleration of the particle at any instant during 
the action of the force. 
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Since the body starts from rest, its initial momentum -0. The 
momentum of the body after time t -m r. 

Hence, the change m momentum of the body during time t -m v. 

the rate of change of momentum of the body -■ ~^{mv) 

t if in is taken to be constant. 
dt 

By Newton’s second law of motion, 

_ „ dv 

Fccrn— 

dc 

F cc ma 

■ > F---Kma ■■ (0 

where K\5 2 , constant. 

Let us define a unit force as that force which acting on a unit mass 
produces a unit acceleration. 

Thus, when 1, n = 1, we have F 1. 

.. K=\ 

Hence, from (l), we get 

F--ma ■■■(1) 

In other words, the force acting on a body is given by the product of 
the mass and the acceleration of ihe body at that instant-. 

Remark : The above formula, F—ma, is not applicable in the case of 
the motion of a body whose mass continually changes. For example, for the 
motion of a falling raindrop (on which aqueous vapour continuously 
accumulates and makes it bigger in size and hence m mass), the above 
formula is not applicable. 

The equation of motion of such bodies with variable masses will be 
different from the above equation. The study of the motion of such bodies 
IS beyond the scope of this book. 

6.6 S I System of Force 

The S. I. system of force, as stated m the author’s book on 
“Elementary Statics” is Newton. A Newton is that force which acting on 
a mass of 1 kg, produces in it an acceleration of 1 m/s^. 

While using the formula, F=ma, in solving related problems, care 
should be taken to take the unit of F as Newton (N), m as kilogram (kg) 
and a as m/s^. 
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The weight of a body is the force with which it is attracted by the 
earth. Since every falling body moves towards the caith with a uniform 
acceleration g, the weight w of a body of mass m kg is given by the 
formula F—ma. 


Thus 


Thus the weight of a body is given by the product of its mass in kg and 
the acceleration g due to gravity in m/s^. 

If Wi and Wii be the weights of two bodic.s of masses mi and nii 
respectively at a place on the earth, then Wi^mi g and Wa —ms g. 


Hence, 


Wi _ 
fFa wii 


In other words, the weights of two bodies at a plaee are propoi tional 
to their masses. 


6.8 Principle of Physical Independence of Forces 

Newton’s second law of motion states that the effect on a body 
(i c. change of momentum, or acceleration) due to a force is produced 
along the line of force In other words, the effect of a force on a body will 
be produced in its own direction under all circumstances, whether the body 
IS at rest or has an initial velocity in some other direction, or is acted on 
by other forces. This principle is known as the principle of physical 
independence of forces 

As an illustration, it may be observed that when a hall is let fall 
from the hand of a passenger in a moving train, the ball hits the floor of 
the tram at exactly the same place where it would have fallen if the tram 
were at rest. This shows that the ball has moved forward with the same 
velocity as that of the train The weight of the ball only changed motion 
in the veitical direction and did not affect the horizontal velocity of the 
ball. 

6.9 Parallelogram of Forces 

Since a force is a vector quantity, the resultant of two forces acting 
on a particle can be found out by parallelogram of forces. This is stated 
as follows 
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If a particle be acled on by two forces represented in niagnitude and 
direction by tivo adjacent sides of a parallelogram drawn through a point, 
their resultant is represented in magnitude and direction by the diagonal of 
the parallelogram drawn fiom that point. 

The analytical derivation of the resultant of two forces is discussed 
mthe author’s book on "Elcmenlary Statics". 

6.10 Newton’s Third Law of Motion 

Newton's third law of motion gives us an idea about the nature of 
forces. If a body A exerts a certain force on another body B, then the 
third law implies that B exerts on A'd force of equal magnitude which acts 
in opposite direction. The force exerted by A on B is called ‘‘action’’ and 
that exerted by 2? on >4 is called ‘‘reaction’’. 

611 Pressure of a Body resting on a Moving Hori/sontal Plane 

We consider a body of mass m resting on a horizontal plane. There 
are two cases to be considered : (i) When the horizontal plane is rising 

vertically upwards with an acceleration a and (ii) when the horizontal 
plane is descending vertically downwards with an acceleration a. 



In case (i), the upward acceleration of the body of mass m is a and 
the force which causes it to rise up is the reiultant of R, the normal upward 
reaction of the plane on the body and the weight mg, of the body which 
acts vertically downwards. 

Now, the resultant of the forces R and mg is R — mg. Hence, by 
Newton’s second law of motion, we get 
R—mg=ma 
R=m (g+a) 


...(1) 
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Now, by Newton’s third law of motion, the pressure exerted by the 
body on the plane is equal and opposite to the reaction of the plane on it 
Hence, when the plane rises up, the piessurc exerted by the body is 
gWen by (!)• 

We note that the pressure exerted by the body on the plane is more 
than its actual weight when the plane moves up. This is the reason why 
a man in. a rising lift feels himself heavier than his actual vi'eight. 



Now, in the second case when the horizontal plane is descending 
vertically with acceleration a, the body of mass m moves down with the 
same acceleration. The resultant downward force acting on the mass m 
IS then mg—R. 

Hence, by Newton’s second law of motion, we have 
mg—R=ma 
=> R=m (g—u) 

By Newton’s third law of motion, the pressure exerted by the body 
on the plane, being equal and opposite to the reaction R of thcjplane on 
the body IS given by (2) 

We note that the pressure exerted by the body on the plane is less 
than its actual weight when the plane moves down. This is the reason 
why a man in a descending lift feels himself lighter than his actual weight 

Remark 1 ; If the plane be at rest or if it moves up or down with 
constant velocity, then a—0 In this case, the pressure of the body on 
the plane will be equal to mg i.e. the weight of the body. 
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Remark 2 ; In the case of upward motion of the plane, if the plane 
moves up with retardation i.e. if its velocity gradually diminishes as the 
plane moves up, then the piessure of the body on the plane will be less 
than its weight Similarly, if the plane moves down with retardation 
le with diminishing velocity, its acceleration will be positive upwaids 
and hence the pressure of the body on the plane will be gieater than its 
actual weigh I mg 

Remarks. If the plane moves down freely under gravity i.e. with 
acceleration equal to g, then a- g so that R 0. Hence, in this case, there 
will be no pressure of the body on the plane. Similarly, if the plane moves 
up with retaidaiion equal to g, i.e. if o’- —g, then fi- 0 so that in this 
case also the pressure of the body on the plane will be zero. 

6,12 Solved Examples 

Ex 1. A mass m kg is acted on by a constant force of PN under 
which it moves a distance .v m from rest in t s and acquires a velocity of 

V mis. Show that .v--- -i- . 

2 r 

Acceleration produced 
= a =— m/s-. 


and 


Now, 


using the formula i’~w-! at and s= ut-\ 


1 

2 


a(^, we get 




ll 

m 



Z£l 

m 


..( 1 ) 

■■ ( 2 ) 


From (1), 1=^. 

Substituting in (2), we get 

P _ 1 mi'^ 

2 ■ — 2 ' P ’ 

Ex 2. A uniform force of 520X10'® N acting for half a minute 
changes the velocity of a body moving m a straight line from 290 cm/s to 
3.5 m/s. Find the mass of the body. 

Let a m/s^ be the acceleration produced and fn kg be the mass of 
the body. 

Force 520X10'® 


mass 


m 



130 


ELEMCNFARY DYNAMICS 


Initial velocity, u=290 cin/s-^2.9 ni/s. 

Final velocity, v=-3.5 ni/s 

Tune during winch the force acts—niiinites— 30 s 


using the foimula V—ii+at, we get 
520X10-“ 


3 5=-2.9 + - 


m 


'X30 


.6 w=156X 10-^ 
156X 10-2 


m= 


= 26. 


Hence, the required mass of the body is ,26 kg or 260 g 
Ex. 3. A mass of 4 kg falls 200 m fiom rest and is then brought 
to rest by penetrating 2in into some mud. Find the average Ihiust of the 
mud on it. 


Let V m/s be the velocity on reaching 
the surface of mud Using the formula 

v2=«2+2gA. we get 

v2^2X9 8X200=3920. 

Let FN be the .average thrust of the 
mud m the upward direction. Then the 
resultant upward thrust acting on the 
body is (P—4g) N, since the weight of 
the body acts vertically downwards Let 
a m/s2 be the rctaidation produced by 
this force The final velocity of the mass 
becomes zero while passing through the 
mud Hence, using the formula 

v2=iF—2nj, we get 
0 = 3920—2iiX 2 
=5- fl=980. 

Now, using the formula F=ma, we get 
P—4g=4X980 
P=,4 x980+4X9.8 
= 3920 + 39.2 



u=0 


200m 

I 


l 



v=0 


Fig. 51 


= 3959 2 

Hence, the required average thrust=3959.2 N. 
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Ex. 4 A body who-ic true mass was 1.1 kg appeared to weigh 
12 kg when weighed by means of a spring balance m a moving lifi. What 
was the acceleration of the lift at the innstant of weighing 

Since the apparent weight of the body ii. less than its actual weight 
the lift was moving downwards. Let the dow'iiwarJ acceleration of the 
lift be a. The apparent weight of the body is 13 (g- a) N=13 (9.8 a) N. 
Hence, 13 (9.8 - a)-~12X9.8 

127.4-I3rr-12x9.8=^117.6 
13fl-=9.8 
-- fl=^.75. 

Hence, the required acceleration, is 0.75 m/s® nearly 
Ex. 5. A tram is moving on a horizontal rail road. Assuming the 
weight of the train (exclusive of the engine) to be 16 X 10® N and the 
resistance arising from friction, etc. to be 40 X 10'* N per unit weight of the 
tram, find the pull between the engine and the tram (i) when it is 
uniform, (u) when the velocity of the train is uniform and (lii) when it is 
moving with an acceleration of 2 m/s®. 

(i) Let PN be the pull of the engine, The resistance is equal to 
40X lO-^x 16X 10“ N 
=6400 N. 


. The resultant force acting on the train=(/•’—6400) N. 

In case (li), since the velocity of the train is uniform, the acceleration 
produced is zero. 


P-6400 


16X 10® 
9 8 


XO 


P=6400 


Hence, the pull of the engine is 6400 N. 
In case (lii), 


P-6400 


16X10® 

9,S 


X2 


P=64004 


32X 10® 
98 


= 6400 + 326530.6 
= 332930 6. 


Hence, the required pull of the engine is 332930 6 N, 
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Ex. 6 A man is raising, by means of a rope, 14 kg of water m a 
bucket of mass 3 5 kg, and he feels a uniform pressure of 210 N on his 
hand If the depth of the well be 24m, find the tune he takes to raise the 
water to the surface. Find also the pressure on the bottom of the bucket. 

The pull on the bucket is equal and opposite to the pressure on the 
hand Hence, the pull on the bucket=210 N. Let a be the acceleration 
with which the bucket ascends. The total vertically downwaid force acting 
on the bucket = (14+3.5)X9 8 N=171.5 N. 

Hence, we have 

210-171.5 = 17.5 a 


38 5=17.5 a 
n- —-2.2. 

Let t seconds be the required time. Using the formula 
s=ut-\- ^ at^, we get 


24=— X 2 2X (Initial velocity of the bucket IS assumed to be zeio) 




rc=«4.67. 


Hence, the required time is 4 67 seconds nearly. 

To find the pressure on the bottom of the bucket, we consider the 
motion of water only. Let 7? N be the reaction of the bucket on the water. 
The pressure of water on the bucket will also be JR N. Hence, using the 
formula F=ma, we get 

7J-I4X9.8 = 14X2.2 

J?=137 2+30.8 


= 168. 

Hence, the required pressure of water on the bucket is 168 N. 
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Ex. 7. The velocity generated by a gun in bullet of kg is 300 

jd/s Assuming that the bullet described the length of the barrel 

in -j^th of a second and that the force is uniform, find the acceleration 

and the moving force. 

Let a m/s^ be the required acceleration. 

Using the formula v---t/ + a<, wc get 

300=ox-j^ a = 3000. 

Hence, the recuired acceleration is 3000 in/s“. 

Let F N be the required force. 

Using the formula F—ma, we get 

F= -^X3000 N 

=93.75 N. 

Ex. 8 A train runs from rest for 1 km down an incline of 1 in 
100. If the resistance be equal to .04 N per kg, how far will the train be 
carried along the horizontal at the foot of the incline ? 


A 



Fig 52 

Let a be the inclination of the plane ABC so that sin Letmkg 

be the mass of the train. Then the force of resistance acting on the train up 
the plane =.04 m N. The component of the vertical weight mg down the 

plane is mg sin « N=- ^^ N. 
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Let a m/s“ be the acceleration of the train down the plane. Then 
using the formula F=ma, wc get 


mg 

100 


.04 m=ma 


=> 


9.8 

100 


.04=.098-.04= 058. 


Hence, the acceleration down the inclined plane=.058 m/s“ Let 
V m/s be the velocity of the train at the bottom of the incline Then 
considering the motion of the train on the plane AC=1 km=1000 m and 
using the formula v“=m^-1-2 as, we get 

v==2X 058 X 1000=116 ...(1) 

Now, when the tram moves on the level ground, the only force 
opposing the motion is the force of resistance which is equal to .04m N. 
Hence, using the formula F=nia again, we get 

.04 ni=ma' =>■ n’ = ,04, 


where a is the retardation on the level ground. Hence, the retardation 
on the level ground= 04 m/s“. Let the velocity of the train become 
zero after it describes a distance of x m. Hence, using the formula 
v“=u^ —2fl' s, wc get 

0=116—2X.04Xw [from (i)] 





= 1450. 


Hence, the required distance= 1450 m or 1.450 km. 


Ex 9. A bullet of mass kg is fired horizontally W'lth an initial 

speed of 450 m/s and pierces a screen 180 m away after travelling for 

Find the resistance of the air, supposed constant. 

The initial speed of the bullct=450 m/s. 

Distance traversed by the bullet before piercing the screcn = 180 m. 
Time during which the bullet travols=-^ s 

Let a m/s^ be the retardation produced by the resistance of the air. 
Then using the formula j=t//—^ or% we get 
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180-450X -J J" 

=:■ 0-360. 

Hence, the resistance of the air 

Ji=ma=~ X360 N= 11.25 N. 

Ex 10. A string can just support a mass of 10 kg when at rest. 
Show that the string will break if it raises a mass of 8 kg with an 
acceleration greater than 2 45 m/s*. 

The maximum value of the tension of the string is 

7'iiib*=10X9.8 N=98 N, When the mass is moving up with an 
acceleration, say a, then the equation of motion is 

T—mg= nia, 

where 7” is the tension of the string and m = 8 kg. 

Hence, ^=8 (9 8-l a) 

Now, Tmax 

8 (9.8-|-fl)<98 

=1- 9.8 + a<12.25 

-- a<2.45 

Hence, the string will break if the acceleration exceeds 2.45 m/s° 

Ex 11- A thin glass plate can just support a weight of 13,5 kg. A 
body is placed on it and the plate is raised with the body on it with a 
gradually increasing acceleration Tt is found that the plate breaks when 
the acceleration is 1.2 m/s''* Find the mass of the body. 

The plate breaks when the acceleration a is 1.2m/s“. Thus the 
pressure on the plate is 13 5x9,8 N=:132.3N. If R be the upward 
reaction of the plate on the body, then 

i?=132.3 N. 

Let m kg be the mass of the body. Considering the upward motion 
of the body, we have 

R—mg—ma 

132.3 = m (1.2+9 8)=11 m 

Hence, the mass of the body is nearly 12 03 kg. 
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EXERCISE 6 

1. An empty truck whose mass is 2000 kg has a maximum 
acceleration of 1 m/s^. What will be its maximum acceleration 
when it carries a load of 1000 kg 

Am. m/s“ J 

2. A 1000 leg car goes from 10 m/s to 20 m/s in 5 s. What force 

is acting on it ? [Ans. 2000 N] 

3 The brakes of a lOOO kg car exert a force of 3000 N (i) How 
long will It take the car to come to a stop from a velocity of 
30 m/s (n) How far will the car travel during this time ? 

[Ans. (i) 10 s (n) 150 in] 

4. While launching a rocket of mass 2X 10‘ kg, a force of 5X 10® N 
IS applied for 20 s What is the velocity attained by the rocket 
at the end of 20s [D.B S.S C ’84 (c)] 

[Ans. 500 m/s] 

5 A car of mass 1000 kg is moving up at a velocity of 10 m/s and 
is acted by a forward force of 1000 N due to engine and a 
retarding force of 500 N due to friction What will be its 
velocity after 10 s '> [A.I.S S C, ’81] 

[Ans. 15 m/s] 

6. A 2.5 kg body at rest is acted upon by a constant external force 
of 10 N until a displacement of 30 m is obtained. What is the 
speed attained by the body after this displacement ? 

[Ans. 15 5 m/s approx.] 

7 A bullet of mass 0.0i kg is fired with a velocity of 800 m/s. 
After passing through a mud wall, 1 m thick, its velocity drops 
to 100 m/s. Calculate the average resistance of the wall. Neglect 
the friction due to air. [Ans 3150 N) 

8. Find the weight of 6 kg of potatoes aud find the mass of 6 N 

of potatoes. [Ans. 59 N. approx ; 0.61 kg approx ] 

9. A force of 10 N is applied to (i) a body of mass 5 kg and (ii) a 
body of weight 5 N. Find their accelerations, 

[Ans. (i) 2 m/s® (ii) 19.6 m/s®] 

10 . How much upward force is needed (i) to support a 20 kg object 
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at rest (ii) to give it an upward acceleration of 2 m/s’ and 
(iii) to give it a downward acceleration of 2 m/s“ ? 

FAns. (0 196 N (ii) 236 N (lii) 156 N] 

11 Wliat IS the acceleration of a 5 kg object suspended by a string 
when (i) an upward force of 39 N is applied to the string, 
(ii) an upward force of 49 N is applied to the string and (lii) an 
upward force of 39 N is applied to the siring ? 

[Ans. (i) 2 m/s“ downwards (li) 0 in/s“ (iii) 2 m/s® upwards] 

12. A certain force gives a 2 kg object an acceleration of 

0.5 m/s*. What acceleration would the same force give a 10 kg 
object ? LAns. 0.1 m/s“] 

13. How much force is needed to accelerate a tram whose mass ii 
10 “ kg from rest to a velocity of 6 m/s m 2 minutes ? 

FAns. 5 X lONJ 

14. A 0 05 kg snail goes from rest to a velocity of 0,01 m/s in 5 s. 

How much force does it e.xcrt and how far does it go during thi* 
time ? 1 Ans. 10“'‘ N , .025 m] 

15 A force of 6 N acts for 2 seconds on a mass of 3 kg which is 
originally moving with a velocity of 10 m/s in the direction of 
the force. Calculate the final velocity and the change in 
momentum of the body. [Ans. 14 m/s ; 12 kg m/s] 

16. A mass of 10 kg is travelling with a velocity of 3 m/s when 
a constant force is applied for 4s in the opposite direction. 
At the end of this time the velocity of the body is —2 m/s. 
Calculate the magnitude of the applied force. 

[Ans. 12.5 N in the opposite direction to the original velocity] 

17. A mass of 10 kg has a velocity of 20 m/s. A force of 100 N is 
applied to the mass in the direction of motion and increases the 
velocity to 35 m/s. Find the time for which the'force is applied. 

[Ans. 1.5 s] 

18 A car which has a total mass (including passengers) of 700 kg 
increases velocity from 14 km/h to 50 km/h in 35 s. Calculate 
the constant force which has been applied. [Ans. 200 N] 

19. A mass of 4 kg falls freely from rest at a height of 4.9 m. 
Calculate the momentum of the body when it hits the ground. 

[Ans. 39.2 kg m/s] 

20. A mass of 2 kg hits the ground with a velocity of 10 m/s and 
rebounds in the same vertical line with a velocity of 5 m/s. 



138 


ELEMENTARY DYNAMIC! 

Calculate the change in momenturn of the body. 

[A ns 30 kg m/s] 

21. A body acted on by a uniform force in lO s describes a distance 

of 7 m Compare the force with the weight of the body and 
find the velocity. [Ans, 1 : 70 ; 1.4 m/s] 

22. A mass of 5 kg falls 4 m from rest and is then brought to rest 

by penetrating 20 cm into some mud Find the average thrust 
of the mud [Ans 1029 N] 

23 In a diving competition, the board is fixed ai a height of 10 m 
above the water level. A competitor jumps from the board and 
dives to a depth of 5 m Determine the lesistance offered by 
the water. Assume the weight of the competitor to be 60 kg 

[Ans 1764 N] 

24. A heavy body of mass 64 kg is being raised form the bottom of 
a pit, 30 m deep, with s uniform force of 784 N. Find the time 
taken by the body to reach the top of the pit 

[Ans. 4.95 s nearly] 

25. Each of two bodies at lest on a smooth horizontal table attracts 

the other with the same force irrespective of the distance 
between the two bodies Show that in any time, they move 
over the spaces which are inversely as their masses, If the 
masses of the two bodies be 4.5 kg and 8 kg. the constant force 
is 5 N and the distance between the masses be 10 m, find after 
what time they would meet [Ans. 3.34 s nearly] 

26. If out of two forces, one acts on a muss of 10 kg and in one- 

fifth of a second produces in it a velocity of 2 m/s and the other 
acting on a mass of 625 kg in a minute produces in it a velocity 
of 18 km/h. Compare the two forces. [Ans, 48 ; 25] 

27 A bullet moving at the rate of 120 m/s is fired into a trunk of 
wood into which it penetrates 30 cm. If a bullet moving with 
the same velocity were fired into similai piece of wood 25 cm 
thick, with what velocity would it emerge, supposing the 
resistance to be uniform 7 [Ans. 48,99 m/s] 

28. An elevator weights 4000 kg when the upward tension in 
supporting cable is 48000 N. What is the upward acceleration 7 
How far does it rise in 3 s if it starts from rest ? 

[Ans 2.2 in/s^ ; 9 9 ml 

29. A thief jump.s off the terrace of a building with a heavy load 

on his head, and falls vertically. What would be the pressure 
of the load on his head while he is falling ? [Ans. 0 N] 



motion in a SniAlGHT UNI! UNDER GRAVITY 139 

30, A 80 kg man stands on a scale in an elevator cal. When it 
starts to move, the scale reads 700 N (i) Is the cal moving 
upwards or downwards ? (ii) Is the velocity constant ? (ni) If 
so, what is it 7 If not, what is its acceleration 7 

|Ans. (i) Downwards (ii) No (in) 1.05 m/s] 

31. A balloon whose total mass is M is falling with downward 
acceleration tzi. Neglecting frictional resistance due to the air, 
find how much ballast should be ejected from the balloon in 
order that it should then have an upward acceleration Oa 

[a„,. 

32. A engine exerts a force of 45X10'^ N on a train weighing 
25X 10® N and draws it up a slope oF 1 in 100 against resistance 
of 1750 N. Find 

(i) the acceleration of the train 

(ii) the breaking force that would be required on the return 
journey to prevent the acceleration exceeding .01 m/s® 

[Take gi=10 m/s®] 
[Aus (i) 0.073 m/s® (ii) 20750 N] 

33. It was found that when 40 cm were cut off from the muzzle of 
a gun firing a piojectile of 40 kg, the velocity was altered from 
550 m/s to 431 m/s Show that the force exerted on the 
projectile by the powder gas at muzzle when expanded in the 
bore was 5836950 N- 

34. A spring balance loaded with a body of mass 3 kg reads 2 8 kg 
when suspended inside a moving lift. What can be inferred as 
to the motion of the lift and what is its acceleration 7 

[Ans. The lift has a downward acceleration of 0 65 m/s® nearly] 

35. A cannon ball of mass 1 kg is discharged with a velocity of 
450 m/s from a cannon, the length of whose barrel is 2 m ; show 
that the mean force exerted on the ball during the explosion is 
5 X 10* N nearly. 

36. A passenger lift of mass 1524 kg is supported by a wire rope. 
Determine the tension in the rope when the lift is (i) moving up 
with uniform velocity (ii) moving up with an acceleration of 
2 in/s® (iii) moving down with an acceleration of 3 m/s®. 

[Ans. (i) 14935,2 N (ii) 17980 N nearly (lii) 10368 N nearly] 
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37. A scale pan on which rests a mass of 0.005 kg is drawn upwards 

with a constant acceleration and the reaction between the mass 
and the pan is found to be 0.5 N Find the acceleration of the 
scale pan [Ans. 90.2 ra/s*] 

38. A body of mass 2 kg is falling vertically under gravity at the 
rate of 50 m/s. What is the uniform force vertically upwards 
that will stop it (i) in 2 s (ii) in 2 in. 

[Ans. (i) 69.60 N (ii) 1269.6 N] 

39. A boy whose mass is 50 kg stands on a spring weighing machine 
inside a lift. The lift starts to ascend with an acceleration of 
2.45 m/s^. What is the reading in the machine ? What will 
be the reading in the machine when m its ascent, the lift moves 
(i) with uniform velocity, (li) with a retardation of 4 5 ni/s“. 

[Ans, 62.5 kg (i) 50 kg (ii) 27 04 kg] 

40. A hoy with a basket of 4 kg of sweets hanging from his hand is 
descending in a lift. The lift starts down with an acceleration 
of 6 m/i^, reaching a steady speed which it keeps up till it slow* 
down at the rate of 1.2 m/s^. Find the pressure on the hand of 
the boy during the three stages of the descent of the lift. 

[Ans. 15.2N; 39 2 N: 44N] 

41. A load, W, IS raised by a rope, from rest to rest, through a 
height h ; the greatest tension which the rope can safely bear is 
n JV Show that the least time in which the ascent can be 

made is 

42. A railway train of mass m kg goes from rest at one station to 
rest at another in i s, The distance between the stations is c/ m 
and resistance of the lails a g N. If the engine exerts a constant 
tractive force of Pg N for a part of the distance, show that 




Chapter ^ 


Application of Newton’s Second 
Law in the Motion of 
Connected Systems 


7.1 Introduction 

In this chapter, we shall consider the motion of a system of bodies 
connected by one or more string s In solving problems of this type, wc 
shall consider the motion of each body separately For this, all external 
and internal foices acting on each moving body should be found out and 
their directions should be indicated in the diagram, From the diicction 
of motion of a body, we find the direction of the rciiultant force and hence 
write down the dynamical equation of motion, F"mc!, for each body of 
the system. Wc shall thus obtain a number of equations from which the 
Unknown quantities can be found out. We consider below the motion of 
a few systems of bodies and explain the procedure, 

7.2 Motion of Two Connected by a String passing over a Pulley when 

both the Particles hang freely 

Two bodies of masses nii and m 2 are connected by a light 

inextensible siring passing over a light smooth pulley. To find (i) the 
acceleration of two systems {ii) the tension in the string and {lit) the 
pressure on the pulley. 

As the body of mass m 2 will move up and that of mass m\ 

will move down. Since the string is inextensible, the upward displacement 
of m 2 Will be equal in magnitude to the downward displacement of mi at 
every instant of motion of the bodies. Since the rate of change of 
displacement is the velocity, hence the upward velocity of m 2 at every 
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instant will be equal in magnitude to the downward velocity of Hence, 
the acceleration which is the rate of change of velocity will be the same- 



m, 


Fig. 53 

in magnitude for each of the two bodies. Let a be the acceleration of 
each body. Since the same string passes over the pulley and the string ii 
light, the tension of the string on each side of the pulley will be the same 
throughout Its length Also, since the pulley is light and smooth, the 
tension does not change along the string as it pusses from one side to the 
other over the pulley. In other words, the tension of the string it 
constant throughout. Let T be the tension of the string 

Considering the downward motion of the mass mi, the forces acting 
on it are its weight niig downwards and the tension T upwards Since the 
acceleration of mi is a m the downward direction, the equation of motion 
of the mass mi is 

mig— T=mxa ■■ (1) 

Similarly, considering the upwaid motion of the mass ms, wo get 

T—mzg=7ma ( 2 ) 

Adding (1) and (2), we get 

(nil—m2)g=(wi-hw2)fl 
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Nil —ntz 


Nil 


-T. -^ 


Substituting the value of a in (1), we get 
^ mL{t7ii—m2)g 


r-Nhir- 

111 - -I— 


(3) 


mifT-]- mi>}t2g — mig+mimzg 

N/i+Nia 

2num-t 

- 

Hii-hNls 


(4) 


As the string presses the pulley downwards on both sides, the 
pressure on the pulley will be the resultant of two equal and like parallel 
forces T, T. Hence, the pressure on the pulley 


mi+mt 


(5) 


To And a relation between T and a when mi-f-wia lemains constant, 
we have from (3), 


a_ (N1l —W3)~ 2 

^ (/ni-|-m2)'^ 

_ (mi+mzy—4tiiit?ia a 
(mi+mzY 


From (4), we have 

2/7iim3= 

Hence, from (A) 


(nii+»i2)r 


tnu+nia)'“ — 


2(,mi-rmi)T 
g 






(A) 


=g=_ 

{mi+rrii) 


...( 6 ) 


We observe from (6) that as T increases, a decreases and vice vena 
provided rui+ma is constant. 
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7.3 Motion of Two Bodies Connected by a String Passing over a Pulley 
when one of the Particles rests on a Table 

Two bodies of masses mi and ma are connected by a light mextensibU 
string passing over a light smooth pullev at the edge of a smooth plane, mj 
lying on the table and mi hanging vertically. 

We shall consider two case.s . 

Case 1 : When the smooth plane is horizontal. 

Let a be the acceleration with which the mass rih descends. As the 
string IS inextensible, the mass nia will move on the table along the string 



niiB 

Fig, 54 


with the same acceleration Let R be the normal leaction of the plane on 
the mass ma- Let T be the tension of the string, which will be constant 
throughout its length, since the string is light and inextensible and the 
pulley is light and smooth 

Now, Considering the motion of mi downwards, we have 

mig — T=mia. ...(l) 

Considering the horizontal motion of ma on the table, we get 

T=maa .. ( 2 ) 

Adding (11 and (2), we get 

mjg=a{mi+ma) 
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Hence, from (2), we get 


mxmzg 


■ -(4) 


Since there is no veitical motion of the mass wa, wc have 

R — njiS ■■ ( 5 ) 

which gives the pressure of tlie particle on the table, 

To find the pressute on the pulley, wc find that it is the resultant of 
two tensions r, T of the two parts of the string pressing the pulley in 
perpendicular directions. Hence, the pressure on the pulley 


Case 2 ■' When the smooth plane is inclined. 

Let the inclination of the plane be a. Here we assume that 
sin a, Then the resolved part of m 2 g down the plane i,c. nisg sin a 
will be less than nx^g so that the mass mi will move downwards and draw 
rtia up the plane. 



Considering the vertically downward motion of nij, we get 
mig—T'=mio. 

Again, considering the motion of mu up the plane, we get 

T—mig sin a.=niia. - (7) 
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Adding (6) and (7), wc get 

g{mi—ni 2 sin a)=(mi+m!)a 

(mi—rria sin a) g 

=> -;-■* 

nn+mz 

Multiplying (6) by ma and (7) by wu and subtracting, we get 
fjianiig—miT—miT’+HJimig sin oi = 0. 

T’(mi-rm 2 )=mimjg (l+sin Di) 


mimad + siniA) 

~ mi+w* 

Since there is no motion perpendicular to the plane, we have 

A=mag cos a. .(10) 

The pressure on the pulley will be the resultant of tensions T, T of 
the two parts of the string pressing the pulley and since the angle between 

75 

these two equal forces is —a, the pressure on the pulley is 


r'+r'+2r=cos () 

( d gj 

cos ‘2 ■ Mn — 



Remark 1 : If mi<m 2 sin a, we see from (8) that a is negative so 

that mi will rise upwards with acceleration and wia will 

mi+ma 

descend down the plane with the same acceleration. 

Remark 2 . Putting we get the lesult discussed m section 7.2 

and putting £5=0, we get the result discussed m section 7.3, case 1, as 
particular cases of the above general result 


7.4. Motion of Two Bodies Connected by a String Passing over a Pulley 
when the Bodies lie on Two Smooth Inclined Planes 

Let the body of mass mi move dovvii an inclined plane of inclination 
and the body of mass m 2 move up another inclined plane of inclination 
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p so that wii sin a>ifia sill p. Let 7?i ,/<2 be the normal reactions of the 
planes, a be the common acceleration and T be the tension of the string 
thoughout its length. 

Considering the downward motion of Wj, we get 

ntig sin a— 2 ’=/Mia. .-.( 1 ) 



Fig. 56 


Considering the upward motion of/ m 2 , we get 

T—msg sin p=/Maa. ( 2 ) 

Also, since there is no motion perpendicular to the planes, we have 
Rx=rnig cos a , (31 

Rz=m%g cos . ( 4 ) 

Adding (1) and (2), we get 

(wi sin m— Wa s in P) g 

mi-rTTii ^ ^ 

Multiplying ( 1 ) by m 2 , and (2) by nii and subtracting, we get 
mim 2 tsiii a+sin p) g —T (mi+/« 2)=0 

^ /Mi/Mz (sin tt+sin p) g . 

^ wx+wa 

The pressure on the pulley will be the resultant of T, T inclined at an 
angle of 180°—(a+p) with each other. 

Hence, the pressure on the pulley 

='s/r^+r^-\-2r^ co* [i8o°-(a+;s)] 
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Remark : If we put all the results are identical with those 

discussed in case 2 of section 7.3 
7 5. Solved Examples 


Ex. 1 What acceleration must be imparted to a load hanging from 
a cord passing over a pulley in order that the tension in the cord may be 
twice the weight of the load. 

If 1^ be the load and T" be the tension of the string, then T=2W. 
Let a be the acceleration with which this load is moving up due to some 
other load at the other end of the string, the string being supposed to pas* 
over a smooth light pulley 

Then the equation of motion of the load W is 
W 

T-W=^ a 
S 
W 

=> 1W—W=— a 

S 


=«• a=g. 

"Hence, the required acceleration is equal to that due to gravity, 

Ex. 2. Two particles of masses 7 kg and 5 kg are connected by a 
light mextensible string which passes over a small smooth fixed pulley 
Find the velocity at the end of 4 seconds and the distance described during 
this time. 

Here the acceleration a of the system is given by 


ffli—/Wg 


2X9.8 

12 


g=^qp| X9 8 m/s^ 


Now, to find the velocity at the end of 4 s, we use the formula 
where «=0. Thus we get 


v=H+at 


49 8 

v=-^ X4 m/s=6-jj m/s. 


To find the distance described after 4s, we use the formula + at 


and obtain 

1 49 1 

J=-^X-2^ X 16/71=13 

£x. 3. Equal masses of ,5 kg hang from the extremities of a string 
passing over a smooth pulley. If a mass of .02 kg be removed from one 
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of the masses, find the time in which the Vertical distance between them 
inereases by 5 m. 

Initially, the two equal loads, A and B, were at the same horizontal 
line XY. When .02 kg inasa is removed from one of these two loads, say 
A, then the load A becomes lighter and comes to the position, say A‘ and 
hence B will come down to the position, say B'. Clearly, the distance 
traversed by A will be equal to that traversed by B. Hence, v?hen the 
distance between the two loads is 5 m, each will traverse a vertical distance 



•5 kg 


Fig. 57 


Now, after taking away a mass of .02 kg from one of the loads, the 
two masses will be 

»ii=.5 kg, m2=( 5—.02) kg=.48 kg 
If a m/s“ be the acceleration of the system, then 
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Hence, the acceleration of the system is .2 m/s“. If t s be the time after 
which the distance between the two loads is 5 m i e, during which each load 


describes a distance of each starting from rest, then we have 

= X.2X fusing the formula 
r==25 =;► t=5. 


Hence, the required time is 5 s 

Ex. 4 Two masses are connected by an inelastic string passing over 
a smooth pulley and one mass is 5 times the other. After moving for 3 s 
from rest the descending mass is suddenly stopped and immediately 
allowed to fall again Find the time that elapses before the string becomes 
tight again 

Let the mass of the two bodies be mi=/M kg and m2=5 m kg Then 
the acceleration a m/s“ of the system is given by 

_ ffia —nil 4X9.8 98 

^ in2+rm ^ 6 ~ 15 ■ 

The velocity v m/s of each mass after 3 s is given by 
v=w4-at 

98X 3 98 

” 15 “ 5 


The heavier mass is now suddenly stopped As a result, the string 
will become slack and the lighter mass will move freely under gravity in 
the vertically upward direction. Since the heaviour mass is immediately 
allowed to fall, it will fall freely under gravity. It should be noted here 
that at the beginning the smaller mass rises more than the heavier mass 
falls, but after sometime, the heavier mass falls more than the smaller mass 
rises If the string becomes tight after t s, then the distance fallen|by the 
heaviei mass m r s is equal to the distance risen by the smaller mass in the 
same time 


Now, the distance fallen by the heavier mass=-^ gt^ and the 


distance risen by the smaller mass=i'r—j- gf® 


5 
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Hence, 




98 , In 




98 


r=' 


98 


10 


9 8 


= 2 


Hence, the required time is 2 s. 

98 

Remark : Alter 2 s, the velocity of the lighter mass is -j—9.8X2 

=0 so that we observe that the string becomes tight again when the 
velocity of the smaller mass becomes zero during its free motion in the 
upward direction. 

Ex, 5. A mass of 5 kg descending vertically, draws up a lighter 
mass, by means of a thin string passing over a smooth pulley. At the 
end of 2 s, the string breaks. If tbe lighter body rises 1 m higher, find 
its mass. 

Let m kg be the mass of the lighter body. If a m/s“ be the 
acceleration of the system. Then 

_ 5—m _ (5 —m) 9. 8 
5+m 5+m ' ' 


Let V m/s be the upward velocity of the lighter body after 2 s just 
before the string breaks. Then using the formula where m=0, 

we get 


(5—9 8X2 
5+m 


( 1 ) 


When the string breaks, the lighter body moves up further freely under 
gravity with initial velocity v given by (1) If this body rises 1 m higher 
after the string breaks, then at the heighest point the velocity of the body 
will be zero Hence, using the formula v“=n“—2g/), we get 


(5—m)^ 9-8‘^x2° 
(5+m)" 


2x9.8X 1 


_ (5—m)"x9.8X2 
(5+m)" 

(5—m)" X 19.6—(5+m)"=0. 

=> (25—lOm+m") 19.6—25—m"—10m=0 

18.6 m"—206m + 465=0 


2Q6 + V 206"—4X18.6X465 
37.2 
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_ 2Q6+V 7840 ^ 206:b88.54 
37.2 37.2 

2945.4 1174 6 

“ 372 372 

= 7.9 or 3.2. 

We reject m=7.9, since we consider the mass of the lighter body, 
Hence, the required mass of the lighter body is 3.2 kg nearly. 

Ex, 6. A light rope hangs over a smooth pulley. A monkey of 
mass 5 kg climbs down the portion of the rope on one side with an 
acceleration of 1 tn/s®. Find with what acceleration another monkey of 
mass 4 kg will climb up the portion of the rope on the other side so that 
the rope may remain at rest. 

Let TTST be the tension of the string and let a m/s* be the acceleration 
of the monkey which is rising up Then the total force acting on this 
monkey (J—4g) N, 

r-4g=4fl, .. (1) 

Similarly, the equation of motion of the other monkey which is climbing 
down the rope with acceleration of 1 m/s* is 

5g-r=5Xl=5. (2) 

Adding (1) and (2), we get 
g=5+4a 





a=\.2. 


Hence, the required acceleration of the other monkey is 1.2 m/s*. 

Ex. 7. A string passing over a smooth fixed pulley supports at one 
end a mass m, and at the other a small light movable pulley over which 
passess a string upporting masses tth, rrn at its ends. If T, T' be the 
tensions of he strings respectively, prove that 



(Note that in solving problems of the above type where one or more 
strings pass over more than one pulley, representation of acceleration in 
terms of the derivative in the equations of motion of different bodies is 
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d^x (l^y cl^z 

;onvcnient Wc shall represent the acceleration Iilco ^ 

irith the symbols x, y, z, etc. respectively for convenience). 

Let P and L be the fixed and light pulleys respectively. Let x m be 
1 of the mass ni, y m be the depth of the fight pulley L from the fixed 
,y P and let z m and n* m be the depths of masses tUi and wj from the 
pulley L. Then x-|-y=constant. 



mi 


Fig. 58 

x+y=0 

Similarly, 

z+M'=constant, 

z+W'=0 

Then the equation of motion of the mass m is mg— T=mx 



.( 1 ) 

...( 2 ) 

■ (3) 
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The equation of motion of the mass mi kg which is at a distance 
(y-\-z) m from the fixed pulley is 

ntjs —r'=mt {y+z) 

T' 


g- 


-= v+ 


y~rz 


. - (4> 

Similarly, the equation of motion of the mass iih kg which is at a 
distance (j'+ni) m from the fixed pulley is 

ntig—T'(y - 1 - ie ) 

T' 

-(5) 


g ——= y+ w . 

tTii 


we get 


Multiplying equation (3) by 2 and adding with equations (4) and (5), 

4' 

2x+2>-i- ^ + vi-=4g—) 


m 

o=4g-^-r(^-h-^) 

m \ Wi ma / 


V iTJi Wa / 


[by (1) and (2)] 


JJ' 

tn 


Hence the result. 

Remark : While writing down the equations of motion in the above 
problem, we have not considered the particulai direction towards which a 
body IS actually moving, since it is not necessary. The positive direction 
of the resultant force acting on a body should always be taken in that 
direction in which the distance of the body measured from some fixed 
point of the line increases during the motion of the body. Thus in the above 
problem, since the increasing direction of x, y, z is in the downward 
direction, the positive direction of the resultant force has been taken to 
be in that direction. In other words, we can assume as if all the masses 
are moving downwards. 

Ex. 8. Two pulleys of masses 6 kg and 4 kg are connected by a 
fine string hanging over a smooth fixed pulley. Over the former is hung 
a fine string with masses 1.5 kg and 3 kg at its ends and over the latter a 
fine string with masses 2 kg and x kg Determine x so that the stiing over 
the fixed pulley remains stationary, and find the tension m it. 

Let A be the fixed pulley, and B and C be the movable pulleys of 
masses 6 kg and 4 kg respectively. Let T N be the tension of the string 



motion of connbctrd systems 


155 


passing over the fixed pulley and Tx N, T* N be the tensions of the strings 
passing over the other two movable pulleys respectively. Let the depths 
of the movable pulleys measured from the fixed jmlley be yx and 
respectively measured in metres. Let the depths of masses 1.5 kg, 3 kg, 
2 kg and kg from the fixed pulley be m, z., zj and z^, all measured in 
metres 



Now, since each of j'l+j'a, zi+za— 2yx and z-i+zx—ly^ is a constant, 
we have 

>l+J'a = 0 . (1) 

Zx+Zz —2j'i=0 (2) 

and Zg+za— 2j'a=0 (3) 

Since the string over the fixed pulley remains stationary, both yx and 
are constant. 

Hence, 

3'i=y2=0 . (4) 

Now, the equations of motion of the two movable pulleys arc 
respectively 

6g'+2T'i-—7’=6pi ,. (5) 

and 4g+2ra—r=4j;a .,(6) 
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Also, the equations of motion of the four masses 1.5 k.g, 3Jfg, 21cg 
and X kg are respectively 


and 


1.5g-ri=1.5 Zi 


■ .(7) 

3 g—Ti=3 zi 


■ (8) 

2 g — 72=2 Za 


■•(9) 

xg — T%=x zi . 


• (10) 

From (4), (5) and (6), we get 



6g+27'i-r=0 

rp _ r—6g 

2 

- (11) 

4g+2r2-r=0 => 

r - T-Ag 

Ta 2 ■ 

..(12) 

Multiplying (7) by 2 and adding with (8), we get 


6g—3ri==3(zi+z2)=0 

[from (2) and (4)] 


Hence, Ti=2g. 

Hence, from (II), 2gX2=r—6g 

Therefore, fiom (12), wc get 




Now, to calculate A, we multiply (9) by X and (10) by 2 and add. 
We thus obtain 


‘^^g~Ti{x-\-2) — 2x (z3+zi)—0 


[from (3) and (4)] 


4gx-3g(x+2=0 [• r 2 = 3 g] 

gx=6g =P- x=6. 

Hence, the tension of the string over the fixed pulley is lOg- N and 
the value of x is 6. 

Ex. 9. A light string passing across a smooth table at right angles 
to two opposite edges has attached to it at the two ends masses mi ms 
(wi>ms) which hang vertically A particle of mass m is attached to ’the 
portion of the string lying on the table. Show that the acceleration of 
the system when left to itself is 


Wi—ma 
wii+ma+m 



motion of connected systems 


157 


Since the table is smooth, the acceleration of the whole system of masse* 
•will be the same. 


m 



Let a be the acceleration, Let Ti be the tension of the string which joins 
tn and mi and 2a be that of the string joining m and wa, 

Now, the equation of motion of the masses mi, m-z and m are 
respectively 


mig—Ti~mia 

- .(0 

Ti—m-zg—tnua 

■ (2) 

Ti—Tz=ma. 

•••(3) 


It can be noted here that there is no contribution of the weight of mass m 
in its horizontal motion, since the component of the vertical weight in 
the horizontal direction is zero 

A.ddmg (1), (2) and (3), we get 

fl(»ll + W2+«l) = (wi—/W 2 ) g 

^ (mi—mz) g 

mi+ms+m 

E*. 10. Two masses m and M are suspended freely over a pulley. 
If the pulley itself is moved upwards with acceleration /, find the 
acceleration of each mass and the tension of the string. 

Let a be the common acceleration of the masses relative to the 
pulley and T be the tension of the string. We assume that M>m. Then 
the mass M will move upwards relative to the pulley 
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From (3) and (5), we get 


Mx =• 


1 M m (g \-f) 
M-\-ni 


-Mg 


^ M-\-m 

From (4) and (5), wc get 

M~rm 


_ _ g {m— M)-\~lmf 
^ M+rn 


2M ( g+/) 
JW+m ^ 

g +2 Mf_ 
M-\-m 


Hence, the acceleration of the mass M is 

(M—m) g—2 m/' . .. , 

--^ in the downward direc 

Jn the upward direction. 


in the downward direction and that of mass m is 


£x. 11. A mass Af is drawn up a smooth inclined plane of height 
h and length I by means of a string passing over the vertex of the plane, 
from the other end of which hangs a mass m. Show that m order that M 
may just reach the top of the plane, m must be detached after M has 

moved through a distance . ——— . 

m h+1 



Fig. 62 
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Let a be the inclination of the plane so that sin a=-^' If T be the 

tension of the stiring, then the equation of motion of masses M and m arc 
respectively 

T—Mg sin a=^Ma ■■•(I) 

and Wfi — T=ma. ■ (2) 

where a is the acceleration of the system. 

Adding (1) and (2), we get, 

/ Mh h 

_ g Cm—M sin a) / / --(3) 

^ m+M m+M 

Let us assume that the mass m is detached when the mass M has 
moved a diatance x over the plane. Let v be the velocity of the mass M 
just before the mass m is detached. Then using the formula 

v^=«^+2 as where iv=0, wc get 

v^=2a X •••(4) 

When the mass m is detached, the acceleration of the mass M down the 
plane is g sm a. This mass, therefore, moves up the plane with retardation 
—g sin a till its velocity is zero at the top of the plane i.e. after it describes 
a distance /—a;. Hence, using the formula v^—u* — 2g sm «. h, we get 


0=v“—2g sin ot. (/—A-) 


=*■ 2ax=2g sm a (/—;e) [from (4)] 


X (a+g sin <i)—gl sin a 
gl sin <x _ 


, h 
si-T 


a+g sin a 


/ Mh ^ 

— r) 


gft 


M+m 


_ /> _ 

I+Mh + mh 
(M+m).J 

h (M+ni) I ^ Af+iw _ 

m (h+/) m • h+7 ' 


[from (3)] 
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Ex. 12. Two bodic* of masses 4 kg and 2 kg rest on two smooth 
inclined planes of elevation 30“ and 60“ rcepectivcly, being connected by a 
string passing over a pulley at the common vertex of the planes Find the 
distance they travel in 2i from rest. 

The component of weight 4g N down the plane is 4g sin 30°N=2 g N 
and that of 2g N down the plane is 2g sin 60° N 

N=V 3 N 

which is less than the previoui component. Hence, the 4 kg mas.s will 
move down the inclined plane and the 2 kg mass will move up the other 
inclined plane. Let a m/s’ he the common acceleration of the system and 
TN be the tension of the string, then the equations of motion of the masses 
on the inclined planes arc 

4g sin 30'-T=4n 

=> 2g-T=3a , ( 1 ) 

and T~2g sin 60°—2a 

^ \/3 g =2a (2) 



Adding (1) and (2), we get 
(2—V 3 ) g=5a 

(2~VJ) g 


Fig. 63 
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Now, using the formula s=ut-\--~^ at^, we get the required distance 

travelled by the bodies in 2a with the above acceleration. Hence, the 
required distance 

1 1 (2—V3)p 

2 2 ^ 5 X 4in—4 (2—"x/S) m, 

taking m/s^. 


EXERCISE ON CHAPTER 7 


1. Two masses, 5 kg and 6 kg, arc suspended by an inextensible 
string passing over a frictionless pulley. Find the tension of the 
string and the acceleration of the system. [Ans. 53.5 N; .9 m/s*] 

2 Two masses, 3kg and 7 kg, arc connected by a light string 
passing over a smooth pulley, and hangs freely Motion is 
allowed to start from rest In what time will the heavier mass 
descend 8m? Find also the distance described during the 

next 1-L s, (Take g=10 m/s*) [Ans 2s ; 16.5 ml 

2 

3. Two particles are connected by a light inextensible string passing 
over a smooth fixed pulley. If the system moves with an 
acceleration of 4.9 m/s*, compare the masses of the particles. 

[Ans 3 : 1] 

4. Two scale-pans of mass .1 kg each, hang freely from the two 

ends of a string passing over a smooth pulley On these are 
placed two masses 37 kg and .41 kg respectively, and the 
system IS allowed to start with the pans in the same honzental 
level. Find the velocity of the system when the vertical distance 
between the pans is .4 m. [Ans ,4 m/s] 

5. Two masses, each equal to 3 kg, are connected by a string 

and hang over a pulley. A mass of 2 kg is now added to one 
of them. Find by how much the pressure on the pulley is 
increased [Ans. 14.7 N] 

6 A light inextensible string passes over a smooth fixed pulley. 
If one of the masses suspended from it be 3 kg and the 
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accelereation of the masses be 4.9 m/s^, show that the other 
mass IS either 9 kg or 1 kg 

7 ,26 kg and m kg (m <,26) masses are connected by a light 
jnextensiblc string Each load moves through 2 7 m in the 
first 3 s after the commencement of motion What is the value 
of m and acceleration ? [Ans .23 kg, .6 m/s“] 

8, Two particles of masses .01 kg and 02 kg are connected by a 
light mextensible string passing over a smooth fixed pulley. The 
smaller mass moves on a smooth horizontal plane while the 
larger vertically. If the space described in 1 s is 3.27 ra, find g, 

lAns. 9.S1 m/s^] 

9. Two bodies of masses 5 175 kg and 2 175 kg are connected by 
a light string passing over a smooth pulley Find 

(i) the velocity at the end of 4s. 

(li) the space described in 4s from the commencement of motion. 

If the string i.s snapped at the end of 4 s, find the distance 
described by each particle in the next 6 s. 

[Ans. (i) 16 in/s (ii) 32 m, 272 4 ra] 

10 A smooth inclined plane whose height is one-half of its length 
has a small smooth pulley at the top, over which a string 
passes To one end of the string is attached a mass of 11,25 kg 
which rests on the plane, while from the other end which hangi 
vertically, is suspended a mass of 8.35 kg, and the masses are 
free to move. Find the acceleration, and the distance traversed 
by either mass m 2s. Find also the pressure on the pulley. 

[Ans, 1.3625 m/s“, 2.725 m. 122.03 N] 

11. A mass of 3 kg decendtng vertically draws up a mass of 2 kg 
by means of a light string passing over a pulley. At the end 
of 5s the string breaks. Find how much higher the 2kg mass 
will go before it starts descending 

[Ans. 4.9m after the string breaks] 

12. Two masses mi, ms (mi>-ms) are suspended by a light 
mextensible string passing over a smooth, fixed pulley. If the 
tension in the string be equal to the weight of mass M, prove 
that M IS the harmonic mean between mi and m^. 

13. Masses 3.5 kg and 6.3 kg arc connected by a string passing 
over a smooth pulley and motion starts from rest. At the end 
of 5s, a portion of mass 4.9 kg breaks ofiF the larger mass. How 



MOTION OF connected SYSTEMS 


165 


much further do the maiscs go before they first come to stop and 
when does this happen ? If the masses are to stop in 5 s after 
the incident, what should be the mass of the portion which 
breaks off ? 





] 


14 


15 


Two masses ]0 kg and 3 kg respectively arc connected by a fine 
string which passes over a smooth pulley fixed at the head of a 
smooth inclined plane, 5 m long and 1 m high The heavier 
particle is on the piane and the lighter one just hangs over the 
pulley, the string being 5 w long. Find the acceleration of the 
masses and the tension of the string How long will it be after 
the 4 kg mass reaches the ground before the string is again 
taut ? [Ans. 1.4 m/s", 33 6 N, 1.7s nearly] 


Two masses each equal to m kg are connected by a light string 
passing over a smooth pulley. What mass must be taken fiom 
one and added to the other so that the system may describe 


90 m in 15 s ? 


[Ans ^ikg ] 


16. Two unequal masses, connected by a string, hang over a pulley. 
If the sum of the masses be constant, show that the greater 
the acceleration, the less is the tension in the string 

[C.U. ’53] 


17. A flexible heavy chain of length 2 1 is moving over a smooth 
fixed pulley, the two unequal portions of it hanging vertically 
Prove that at the instant when its middle point is at a distance 
X below the pulley, the acceleration with which it is moving 



18. A mass of 5 kg descending vertically draws up a mass of 3 kg 

by means of a light string passing over a smooth pulley At the 
end of 8 s, the siring breaks. Find how much higher the 3 kg 
mass will go. [Ans. 19.6 m] 

19. Two bodies of masses 1 kg and 2 kg are connected by a light 

incxtensible string passing over a smooth fixed pulley. Initially, 
the 1 kg mass is 1 m below the 2 kg mass. How long after the 
weight starts to move will their centres of gravity be at the 
same height ? [Ans. .55 s nearly] 

20. A mass of .78 kg lying on a smooth horizontal table 1 m from 
the edge is drawn along the table by a mass of .2 kg hanging 
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freely by means of a light incxtcnsible string passing over a 
smooth pulley at the edge. How long does it take to reach the 
edge, and what is the pressure on the pulley ? 

[ahs. 1 s ; ] 

21. A mass of ,5 kg is placed on a smooth horizontal platform 
4 m high at a distance of 20 m from the edge and connected 
by a light string, 20 m long, with a mass of .3 kg on the edge 
of the platform. If 3 kg mass is pushed gently over the edge, 
find (i) how long it takes to reach the ground, and (ii) how 
much longer the 5 kg mass takes to reach the edge. 

[Ans. to 1.475 s (ii) 2.95 r more] 

22 A string, hung over a pulley, has at one end a mass of 10 kg 

and at the other end masses of 4 kg and 8 kg respectively. 
After being in motion for 5 s, the 4 kg mass is taken off Find 
how much further the masses go before they first come to 
instantaneous rest. [Ans. 9.11 in nearly] 

23 If two unequal weights be contained in scale pans connected 
by a string passing over a smooth pulley, prove that if the 
weights of the pans be negligible, the pressuie between each 
pan and the contained weight is equal to the tension of the 
string. 

24. A mass of 4 kg is attached by a string passing over a smooth 
pulley to a larger mass Find the magnitude of the latter so 
that if after the motion has continued for 3 s, the string is cut, 
the former will ascend 5 m before descending. 

[Ans .495 kg nearly] 

25, Two masses mi and m-i (/«i>772z) connected by a string hangs 
over a pulley After 1 s from start, is suddenly stopped and 
instantly let go. Show that the time that elapses before the stung 
becomes tight again is 

flJi—wia 

- i — seconds. 

26 Two equal masses hang at rest over a smooth pulley. One is 
projected upwards with a velocity of 19.6 m/s. In what time 
will the string become tight again ? [Ans 2s] 

27. Two strings pass over a smooth pulley. Qn, one side, masses 
. 3 kg and 5 kg are attached to the ends of the sfrings and on 
the other side, a single^ mass of 6 kg is fasteiqed to the other 
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ends. Find the tensions of the string! and the acceleration of 
the system, (Portions of the strings on both sides of the pulley 
are assumed to be vertical). [Ans. 42 N, 25 2 N, 1.4 m/a‘‘] 

28. A light string carrying to unequal weights and passing over 

12 ’ 

a smooth pulley can only just bear a tension equal to of the 
sum of the weights. Prove that the least acceleratian possible 
of the system is ^ g, and that the lighter mass cannot 
2 

exceed -^th of the total mass 


29. Two equal scale-pans arc suspended over a pulley, the mass of 

each being 6 kg. How a mass of 8 kg is to be divided between 
the scale-pans so that the heavier mass may describe .98 m in 
the third second of motion ? [Ans 4.4 kg and 3.6 kg] 

30. Masses of .4 kg and .6 kg hang over a pulley. The 4 kg mass 

is projected downwards with a velocity of 3 92 in/s When does 
It first come to rest i What distance is described by each mass 
in this time ? When will each mass come back to its original 
position ? [Ans 2 s; 3 92m; after 2 s more] 

31. Two equal masses of 3 kg each arc connected by a light 
string hanging over a smooth pulley If the string breaks under 
a tension of 4 N, find how great a mass may be put on one 
of the 3 kg masses before thus catastrophe occurs. 

[Ans. 3 kg] 

32. A pulley carrying a total load IV hangs in a loop of cord 
which passes over two fixed pulleys and has unequal weights 

P and Q freely suspended from its ends, each segment of the 
cord being vertical. Show that W will remain at rest provided 


33 


_L + -L=i-- 


[C.U. ‘39, ’42] 


Two identical weights, each of mass M, are connected by a light 
incxtcnsible string passing over a smooth fixed pulley rotating 
about a horizontal axle. A small weight of mass in is placed 
on one of the weights. Show that the force with which it wiH 
press M is 

'2njM 

2M+m 
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34. Two masses of 1 kg and .2 kg are connected by a weightless 
string passing over a fixed, smooth pulley. Initially, both the 
weights are 2m above the floor. Find (1) the tension in the 
string and (ii) the time required by .2 kg mass to reach the floor 

[Ans (i) 1.3067 N nearly (u) 1 10 s nearly] 

35. A pulley carrying a load W hangs in a loop of a cord, one end 
of which IS fixed at a point and the other end passes round a 
fixed pulley, each segment of the cord being vertical, What 
force F should be applied to the end of the string passing round 
the fixed pulley for the weight W to (i) remain at rest, (li) move 
upwards with an accelreation a or (iii) move downwards with 
an acceleration a ? Neglect massc.s of the pulleys and the 
strings. 

[aiis. (,) F =~ ‘■'“f') 


36. A light string passes over a light fixed pulley, It cairies a mass 
P at one extremity and a light pulley at the other. Another 
light string passes over this second pulley, carrying masses 
R and Q at its extremities. The system starts from rest. Find 
the acceleration of the masses. Show that if R always remains 
at rest, (hen 



R 


and that if P always remains at rest, then 


— = — 4 -— 

P R' 


("Ans. Acceleration of P= 


acceleration of Q=g- 






R P 


T' 


r'= 


4g 


X + JL+A 

Q R P 


■] 


and that of R=g -where 

J\ 


37. Two weights W and W' arc connected by a light string passing 
over a smooth pulley. If the pulley moves vertically upwards 
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with an acceleration equal to that of gravity, show that the 
tension of the string is 


4rv 

w+w” • 


[C.U. ’44] 


38. One end of a string is lixed. It then passes under a movable 
pulley to which a weight W is attached. The string then passes 
over a fixed pulley, and a weight P is attached to its other end, 
all the three sections of the string being vertical. Show that, 
neglecting the masses of the pulleys, the acceleration with which 
W ascends is 

2P-W 

W4-4P 

Find also the tension of the string. [C.U. ’73] 

r. . IWP 1, 


39. A light string passes over one fixed peg under a movable pulley, 
and then over a second fixed peg. A mass ini is attached to one 
end of the string, a mass nit to the other end and a mass M to 
the movable pulley. Assuming the pulley to be light and the 
portion of the string, not round the pulley, to be vertical, prove 
that the tension of the string is 

4 M nit me g 
M (,nti+mz)+4mi?m 


40. Two pulleys, each of mass m, are connected by a string hanging 
over a smooth fixed pulley. A string with masses 2m and 3m at 
its ends is hung over one pulley and another with masses m and 
4m over the other If the system is free to move, show that 

4g 


the accleration of either pulley is 


25 


41. A small pulley carrying a total load W hangs in a loop of a 
cord which passes over two fixed pulleys, and has unequal 
weights, P and Q, freely suspended from its ends, each segment 
of the cord being vertical. Show that W will ascend with 
acceleration 


4 PQ-WiP-\-Q) 

4 PQ+WiP+Q) 

42. A smooth and stationary pulley is secured to the end of a light 
bar. The bar is secured in a vertical direction on a pan of a 
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balance. Two masses of 3 kg and 1 kg arc attached to the endi 
of the string passing over the pulley on the vertical bar without 
friction. Determine (i) the force with which the pulley acts on 
the bar and (ii) the reading of the balance, when the weights 
move, (ill) What will be the case if the masses intcichangc the 
ends of the string 7 [Ans (i) 29.4 N (ii) 3 kg (iii) There will be 
no change m the reading of the balance] 

43. Two monkeys of the same weight* arc hanging at the ends of a 
light rope passing over a smooth pulley Initially, both the 
monkeys arc at the same height above the floor, One monkey 
begins to climb the rope while the other slays where it is relative 
to the rope. Where will the second monkey be when the first 
one reaches the pulley? 

[Ans Both the monkeys will reach the pulley together] 

44. A rope hangs down over a smooth pulley and a man of 84 kg 
moves down the protion of the rope on one side of the pulley 
with an acceleration of "5 m/sn With what uniform acceleration, 
another man of 78 kg must move up the other portion of the 
rope so that the rope may remain at rest. [Ans, '215 m/s^nearly] 

45. On one side of a light string passing over a smooth pulley, a 
weight fV hangs. A boy takes hold of the other end and begins 
to climb up the rope with uniform acceleration rising 4m in 2s. 
If fV remains at rest, find the weight of the boy. 

[*“• f «"] 

46. A mass of 2 m kg lying on a smooth hori/.ontal table is attached 
to,a light incxtensible string which passes over the smooth edge 
of the table, and carries a smooth light pulley over which hangs 
a similar string carrying masses (m+x) kg and (m—x) kg at 
its ends. Prove that, after the system is released, the acceleration 
of the mass on the table is 

2m^—x^ 

47. Two masses Wi= .2 kg and nis— .3 kg are connected by a 
thread and are placed on a smooth horizontal surface of a 
table. A force F=1 N is applied to the mass nn, parallel to the 
surface of the table, (i) Determine the tension in the thread 
linking the two masses, (ii) If the thread can bear a maximum 
load of mass I kg, determine the maximum value of F if it is 
.applied to (a) the mass mi (b) the mass nh. 

(Take g=10 m/s^) [Ans. (i) .6N (li) (a) 16.67N (h) 25N] 
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48. Four identical blocks each of mass m are connected by similar 
strings m a row and placed on a smooth horizontal table top. 
A force F is applied to the first block. Find the tensions in the 
strings. 

[a„!. if] 

49. A mass .5 kg of a body A is placed on a smooth table with a 
string attached to it, The string passes over a frictionless pulley 
and IS connected to another mass .2 kg of a body B. Initially, 
the mass of zl is at a distance of 2 m from the edge of the table 
and moving with a speed of .5 m/s away from the pulley. What 
will be the (i) position and (ii) velocity after 1 second ? 

[J.I.T. 75] 

[Alls (i) .9 m towards the pulley from the initial position 

(ii) 2.3 m/s towards the pulley] 

50. Two bodies P and Q having masses 9 kg and 6 kg respectively 
are connected by a string passing over the top of an inclined 
plane of inclination BO'' to the horizon. One body rests on the 
plane and the other hangs vertically. Show that P hanging verti¬ 
cally will drag Q up the whole length of the plane in half the 
time that 0, hanging vertically, will take to drag P up the plane. 

51. Two smooth inclined planes of equal heights, whsoe inclinations 
to the horizon are 30” and 60°, are placed back to back. 
Two bodies of masses 6 kg and 10 kg placed on them respectively 
are connected by a light incxtcnsible string passing over a 
smooth pulley at the common vertex of the planes. Find the 
tension in the string and the accloration of the system. 

r. . I47(l+v'r) ,, 40(5 V'3-3)m/!''| 

Am. -j-- N, -- I 



Chapter 8 


Projectiles 


8.1. InUoducliou 

In the previous chapters, we have considered various kinds of 
motion of a particle or a body viz. motion m a straight line, vertical 
motion, motion on an inclined plane under gravity and motion of a stytem 
of bodies connected by a string. In this chapter, we shall consider the 
free motion of a particle when it is projected in any direction in space 
While considering this type of motion, wc shall consider the following 
assumptions for simplicity : (i) the motion of the particle takes place in 
a vertical plane, (ii) the acceleration due to gravity, g, is unifoim and 
acts in the same vertical direction at all points of the path of the particle 
and (ill) there is no resistance due to air during the motion of the particle, 
When a particle is projected upwards with a velocity at an angle a with the 
horizon, the vertical component of the velocity will continually change 
whereas the horizontal component of the velocy will remain unchanged 
since the component of the acceleration, g, m the horizontal direction is 
zero. Hence, the resultant direction of motion will continually change 
and the particle will describe a curved path. It will be shown later that 
this path is a parabola. 

8.2. Some definitions 

A body projected in any direction in space is called a projectile and 
the curved path described by a projectile is called its trajectory. The initial 
velocity with which a particle is projected is in space is called the velocity 
/}f projection. The angle which the direction of projection makes with the 
horizon is called the angle of projection. The distance measured between 
the point of projection and the point where the particle strikes a given 
plane through the point of projection is called its range on the 
plane. When the given plane is horizontal, we call it the horizontal 
range. The time interval between the instant of projection and 
the instant when the particle meets a fixed plane through the point of 



projectiles 


173 


projection i.e. the time for which the projectile remains in air is called the 
lime of 

S.3. Position and Velocity of a Particle after any Time 

Let a particle be projected from O with a velocity u in a direction 
making an angle a with the horizon OA. Let v be the velocity of the particle 
” at P after any time /. From P, we draw PM 1 OA. We choose the line 
OA as the jc-axis and a line through O perpendicular to OA as the jy-axii. 
Let OM=x and MP=y so that the co-ordinates ofP are (x;, y). Now, the 
horizontal and the vertical components of u are respectively u cos a and 
u sin a Let the direction of v make an angle 0 with the horizontal. Hence, 
the horizontal and the vertical components of v are v cos 0 and v sin 8 
respectively. Sine in the horizontal direction, the particle moves with a 
constant velocity, wc have 



Fig. 64 

V cos 6 = u cos « ■■■(1) 

and cos a. ' -■■(2) 

Considering the vertical upward motion of the particle from O to P, and 

using the formula v=u —g-t and/i=wt— 


we get 


V sin 0==M sin a —gt 

1 I 

and y =ut sin ““y - 

From (1) and (3), squaring and adding, wc get 


-.(3) 

-( 2 ) 
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v’=i<“— 2 tigi sin a+g“r*. 
Dividing (3) by (1), we get 


tan 6 


u Sill a—gt 
u COS a 


(5) 

( 6 ) 


Equations (5) and (6) give the magnitude and direction of the velocity 
after tune / and equations (2) and (4) give the position of the particle after 
time t. 


8 4. Tile Equation of Trajectory 

Let a particle be projected from O with a velocity u at an angle «. 
with the horizon. Let the horizontal and vertical through O in the plane 
of projection be chosen as x and y axes respectively. Let P be the 
position of the particle at any time t and let (a', y) be the co-ordinatei 
ofP. 



Fig 65 

The horizontal and vertical components of u are u cos qi and u sin a 
lespectively. 

Considering the horizontal motion of the particle, we have 

X — iico & a ., t ■■•(1) 

Considering the vertical motion of the particle, we have 


j'=H sino. ^ gt 


...( 2 ) 
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Eliminating / from (1) iiQd (2) by substituting the value of t from (1) m 
(2), we get 


U COSO. 2 ‘ U® costal 


=x tan a — 


S 

2i/* cos^o 


X 


z 


- (3) 


which IS of the form 

y—Ax-\~£x^. 

But this is a general equation of a parabola. Hence, (3) represents a 
parabola. 

The equation (3) can be written as 


2u® sin a 

COS a 

2u* cos®a 


g 

X 



( X- 

sin « cas a ' 

2h® cos®a / 

M® sin®a \ 


g 


2g 


which shows that the vexto.t of the parabola is the point 


(y 


sin (s cos Q! 
g 


ir sin- o£ \ , 2 m® cosset . 

—T- 1 and the laius rectum is -, since the co- 

2g 7 g ’ 


sm 2ix 


efficient of y is negative, the axis of the parabola is on the vertically down¬ 
ward direction and the co-ordinates of the vertex arc 

sin 2o( M® cos 2 




2g 


2g 


-) 


and those of the focus are 




2g 


2g 




8.5. Velocity of a Particle at any. Height h 

In the figure of section 8.3, if h be the height of the particle at P above 
the horizon and v be its velocity there, whose direction makes an angle 
6 With the horizontal, then considering the horizontal motion, we have 

V cos Q—u cos a. ■■■(1) 

Considering the vertical motion of the particle from O to P and using the 
formula 

v^~u'^ — 2gh, we get 
V® sin*0=u® sin^a —2gh. 

Squaring (1) and adding with (2), we get 


-( 2 ) 
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v^~u~ — 2gfi 

From (2), v sin 6='\/sin“a -~7gh . 

Dividing (4) by (1), -wc get 

tan smla _ -2 gA 

u cos ot 


(3) 

( 4 ) 

(5> 


The equations (3) and (5) give the magnitude and direction of the velocity 
■t a height h. 


8 6. Greatest Height atlainee by a Projectile and Time to greatest Height 

Let u be the velocity of projection and a be the angle of projection, 
O being the point of projection. Let AM=H be the greatest height and 
Ti be the time to reach the gieatest height At the greatest height A, the 
vertical component of the velocity is zero. Considering the vertical motion 
of the projtctile and usirg (he formula v“‘=»i‘‘'~2g/i, we get 
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0=H* sin^a— 2g H 
sin*a: 

To find the time Ti to attain the greatest height, we use the formula 
V=U ~gt and get 
0=M sin a —gTx 


(1) 


U cm rv 
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8 7. Horizontal Range ant! Tinie of Flight of a Projectile 

Let u and a be respectively the velocity and angle of projection of a 
particle, O being the point of projection. Let R~OA be the range on the 
horizontal plane through O and T, the time of flight. When the particle 
returns to the horizontal plane after tune t, the vertical displacement is 



Fig. 67 

zero. Hence, considering the vertical motion and using the formula 
h=ut-~ ~ gr^ we get 

O^uT sin a- - g T'^ 


g 

In tlie horizontal direction, there is no acceleration and hence the particle 
moves with the constant horizontal velocity u cos z. Since the particle 

reaches A after time T, 

2 w sin a 

OA = R = U cos a . r=W cos a . - - - 


jl=~- sm 2“ ---(S) 

S 

Hence, the time of flight and the horizontal range are given by the 

equations (1) and (2). 
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Maximum horizontal range and its corresponding angle of projection ; 

We see from (2) tliat for a given value of u, R is maximum when 
sin 2a = l i.e 2o!=90° or a'~45“, 

Hence, the horizonlal range is maximum when the angle of projection u 
45° and the maximum horizontal range is ~ . In this case we see that 

a 

when the honzontnl range is maximum, the direution of piojection bisects 
the angle between the horizontal and the vertical. 


Two directions of projection for a given range 


range 


We have seen that if the angle of projection is m, then the 

R— -sin 2«. 

g 


horizontal 


Now, since sin (180° —2o()—sin 2a, hence we get the same value of 

the range R when the angle of projection is ^—^^=90”—« Hence, 

there arc two directions ai=a and a^—90’’—a of projection for which the 
horizontal range remains tlie same. Now, the angle of projection for 
maximum range is 45° 

Wc observe that 


45°—oii= 012—45° 


H^nce, for a gwen horizontal range with the same velocity of projection, 
there are two directions of projection winch are equally inclined to the 
direction of the maximum range. 


S,8. Range on an inclined Plane 

Let a particle be projected with a velocity u at an angle a with the 
horizon from a point O. Let OA be an inclined plane through O, of 
inclination P to the horizon. Let the particle move in the verlical plane 
through the line of greatest slope of the inclined plane. 

Let A be the point where the projectile meets the inclined plane after 
describing the path Let C7v4 be the range on the inclined plane und 
T be the time of flight on the inclined plane 

We shall now consider the motion of the particle along and 
perpendicular to the plane. The component of u perpendicular to the 
plane is u sin (“ p) and that of g in the same direction is —g cos p, The 
projectile lies on the same inclined plane after time T. Hence, the 
displacement of the projectile perpendicular to the plane is zero. 
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Considering the motion pcrpendiciilnr to the plane and using the formula 


h-ut- 


gl^, we get 


0==M sin (a —p) . T - j g cos (3 

_ 2u sin (a —jji) 


g cos p 


( 1 ) 


u sin 

V 



The component of velocity in the horizoiual direction is constant and is 
equal to u cos ac throughout the motion. 

Let AN be perpendicular to the horizontal plane. 

ON u cos a. T 


R cOK p=i< cos a. T 

R 


II cos a. ^ 2ii sin (ct— p) 


R--- 


cos P 


g COS^ P 


g L-OS 


■j^sin (2131 — P) — sin pi- 


[from (l) 

U) 


For a given u and p, R is maximum when sin (2tx—p) = l 


/?miix = 


cos^ P 


(1 — sin p)= 


g (1 +sii) p) 


Now, when sm (2«—p)“ 1, then 2oi —p== 

Thus the range on the inclined plane will be maximum when the direction 
of projection bisects the angle between the horizontal and the normal to 
the plane i e. the angle between the plane and the vertical. 
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8.9- Solved Examples 

3 

Ex. 1 A particle is projected at an angle sin~^ — lo the horizon 

with a velocity of 25 m/s. Find its position and its velocity at the end of 
2 s. When will it be at a height of 5 m and wliat will be its velocity then 7 

[Take g=10 m/s] 



* “ 1 

and the horizontal component of the velocity is w cos ci=25X--m/s 
=20 m/«. 

If/im be the height of the particle after 2 s, then considering the 
vertical motion of the particle and using the formula 

/i=H Bin a. t - - gi^, we get 

h = l5x2-^ X 10X4=30—20=10 

Hence, the particle will be at a height of 10 m after 2 s. 

If xm be the horizontal distance of the particle after 2 s, then 
we have 

j;=honzontal velocity X time 
= 20X2m=40m. 
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Hence, the horizontal distance of the particle is 40 m 
Let after t s, the particle be at a height of 5 m and let v m/s be jts 
velocity there. Then using the formulas 

h—ii sin a t~ ~ gi'^ and v = u—gt, we get 

5=15 (~5t^ 

—31 + 1=0 


3±V9—4 _3±-v/5 
2 ‘ 2 


^ 3 +2,24 

2 

= 2.62 or .38. 

Hence, the particle will be at the height of 5 m twice after .38 s and 2.62 s 
nearly. 

If I'v m/s and I'j' ni/s be the horizontal and vertical components of the 
velocity of the particle at a height of 5 m, then considering the vertical 
motion and using the formula 

v2=i(i sin- a— 2 gJi, we get 
v*v=152—2X 10X5=225 —100=--125 
i'v“5'/5 . 

Also, since in the horizontal diiectioii there is no acceleration, the particle 
moves with constant velocity viz. 20 m/s in the horizontal direction. 

Hence, the resultant velocity of the particle at a height of 5 m is 
V (5 V 5)“+202 m/s = V'125+400 m/s 

~'\/525 m/s —5^/21 m/s 

If this resultant velocity makes an angle 0 with the hoiizontal, then 
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Ex 2. A cncket ball struck from the ground pitches 100 m ahead 
after rising to a maximum height of 20 in. Find the time of flight and the 
direction in which it is struck. 

Let u m/s be the velocity of projection and cl be the angle of 
projection. 


The horizontal ranges 


sin 2a= 100. 


Also the greatest height* 
Dividing (1) by (2), we get 


Hence, from (2), we have 


5 

4 

V'dl'" 


40 g 40X9 8X41 

^ n , j. 


u='\J 


Hence, the velocity of projection is 


2009 -\/40IR 

2 3 _ 2 

V40I8 , 

1 IS -2— n’t® 


TT XI ,• r XI i-x sin a 

Hence, the (mie of flight=- - — 


200D9 

2 


-V 4018 9^8 s 

_ 20V"7 


Ex. 3. A stone is dropped from a balloon moving horizontally with 
a velocity of 30 m/s and reaches the ground in 4s. Find the height of the 
balloon and the velocity of the stone on striking the ground. 

[Take g=10 in/s] 

Let h in be the height of the balloon. Since the initial velocity of the 
stone IS in the horizontal direction, its vertical component is zero. Con¬ 
sidering the vertical motion of the stone, we get 

/i=-|-X 10X4^ 


Let Vji m/s and v.v m/s be respectively the horizontal and vertical 
components of the velocity of the stone on striking the ground. 

Then considering the vertical motion, we get 

i'ji^= 2X10X80=1600 
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Also, Vr 


Vj,=--\/1600=40. 

initial horiifontal velocity=-30 m/s 



If V m/s be the resultant velocity of the stone on striking the ground 
and if it inakc-s an anige 0 with the horizon, then 

y- - V PrH 
=-V900 + J600 =50 
40 _ 4 
30 “ 3 "^' 


and tan 0“ 


Hence, the velocity of the stone on striking the ground is 50 in/s making 
an angle tan“^ witli the hori/on. 

Ex. 4. A particle is projected se as to pass through two points 
whose horizontal distances from the point of projection are 12 m and 24m, 
and which are at vertical heights of 4m and 5m above the horizontal plane 
through the point of projection. Find the velocity and the direction of 
projection. 

Let II m/s and « be the velocity and the angle of projection 
respectively. Let ; s be the tune to reach the first point. Considering the 
horizontal and verticle motions of the particle separately in this case, we 
get 

12“ 'U cos a . / ■ .(1) 

1 


and 


4=1/ sin ct . t — 


gy 


( 2 ) 
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From (1), 
Hence, from (2) 


12 

1/ cos CL 


4=w sin Cl . 
= 12 tan o. 


3 tan a 


18 g 

11 ^ cos^a 


12 

ii cos a. 

72 

((“ COs“o: 
■ = 1 . 


2 


S- 


144 

11 ^ cos“a 


(3) 
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Similarly, considering the second position of the particle, -we get 

288 g' 


From (3) and (4), we get 


5=24 tan a-=-u— 

u COS“ a. 


5—24 tan a 


288 


I—3 tan a 18 ” 

16—48 tan a=5—24 tan a 


^ 24 tan »■= 11 ^ 

Hence, the direction of projection is tan“^ 

18 g 


tan a = ' 

_ 11 
24~‘ 


Now, from (3), wc get 

■ ,2 = - 




1 1 
24 ' 


18X9.8 


cos^a (3 tana— 1) 


(4) 


3 tan a—1 
1 +tan“ a 

18X9,8x(l+ ifi) 
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3 4153 

60 


II 


/ 34153 \j 

I 60 j • 


Hence, the velocity of projection is 



Ex 5 A shot flrcd at a mark in the horizontal plane through the 
point of projection goes a m beyond it when the angle of elevation is 
When the angle of elevation is p, U falls b m short of the mark. Show that 


the proper elevation to hit the mark is sin ^ 


sin 2 p+h sin 2 


a-\-b 




Let 0 be the proper elevation and x be the distance of the mark C from the 
point of projection O. Let w be the velocity of projection. 
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Then 

x=horjzontal tange=-^ sin 2 0 

=?- gx=u^ sm 20. ■ (1) 

In the second case, the angle of elevation is a. and the horizontal 
range is x+a corresponding to the point A. 

Then g(x+a) — u^ sin 2 a. 

In the third case, the angle of elevation is p and the horizontal range is 
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X—a corresponding to the point B. 

g (x—b)=ii^ sin 2(1. 

Multiplying (2) by b and (3) by a and adding, we get 
(a+h) gx~n^ (b sin 2a+a sin 2p) 

=:■ (a+b) 11^ sin 2fl— (b sin 2a-l-fl Sin 23) 


ti sin 2P-|~h sin 2a 
a~l b 


, 1 r sm 2f 

1= — sin ^ - 

2 L a 


2p-r-6 sin 2(j 


(3) 


I From (1)] 


Ex. 6, Two bodies projected simultaneously from a point with 
velocities v and v' at elevations a and a. Show that the time between their 
passage through the point common to their paths is 

2 V v‘ sin (g—g') 
g ■ V cos o-!-i’'cos a' 


Let I and t' be the times taken by the bodies proj’ected with 
velocities v and v' respectively to leach the same point P whose 
co-ordinates are (.\, j') with refeience to rectangulai axes through the point 
of piojectlon, 
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Then considering the horizontal and vertical motions of the two 
.bodies separately at the point (x, y), wc get 

X — V cos n . t=v‘ cos a . t' 


...(1) 
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and 

From (1), we have 


t 


v=i< Sinn t —~ sin gi''^. ,12) 


-=/c (say) 


Now, from (2), 


v cos n V cos a 

t -/rn' cos a', t‘~kv cos 


1 


I' sin n t—v' sm g 


(3) 


k vv' sin a cos a' — kvv' sin n cos ^ 


X k (V cos fx4 v' cos fi') 


[from (3)] 


=> vv' sin (a —^ o-H-v' cos a') 

, 2 v'v' sin (a—tt') 

t—t "• — •-; ' 7~ • 

g )’ cos a-pv cos a 

Ex. 7 Iff? and /?' be ilie ranges of two projectiles which being 
thrown from the same place attain the same vertical height and pass 
through a common point, then show that 


where If is the greatest height attained and (/j, k] is the common point of 
the two paths with reference to rectangular axes through, the point of 
projection, 

Let u be the velocity of projection and a, be the angle of projection 
of the first projectile. Let P (x, y) be the position of the projectile at 
anytime/. Then considering the veitical and horizontal motion of the 
piojectile, we get 


>■= 1 / sin « / 



- (I) 


and 


A'=M cos «■./. 


■ .( 2 ) 


Eliminating / from (l) and (2), we get 

X 1 A® 


y=u sin a. 


U cos a 


1 

TS- 


u‘‘ cos‘ a 


tan a— 


gx‘‘ 

u‘‘ cos^a ' 
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Now, the horizontal range R is given by 


7 ? = 


sin 2a, 


From (2) and (3), eliminating u", we get 


2 g cos^a 


~x tan a~ 


tan a 


R 


(3) 


—X lan 



■ (4) 


which IS the equation of the flist trajectory. 



Fig. 74 


Similarly, if p be the angle of piojection of the second projectile, the 
equation of its trajectory is given by, 

j.=Y tan p 1-^-), ( 5 ) 

D 

Now, the first projectile attains the maximum height II when x~-^- 

Similarly, the second projectile attains the same maximum height H when 
R' 

Putting -■v = -^ and y=H in (4), we get 
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H=~t3.n a. -^ tan a. 


...( 6 ) 


R 


Similarly, putting .v=-— and y=/f in (5), wc get 


JI= 


tan p 


, Since (A, k) lies on both the curves (4) and (5), we have 
/c=Atana.( 1-^) 

[from (6)] 

and A=A tan ( l-|r)= 1—|). 


■•■(7) 


••■( 8 ) 


[from (7)] 


Hence, 


4/i H 
R 

(■ 

h 

R . 

)=^{ 

1 

h 

1 

h 

R 


R' ■ 

R'^ 

1 

1 

- —h ( 

' 1 1 

R 

R' 


, R^ R 


R'—R 

RR' 


=A. 


R'- — R^ 
R'^ 
h , h 


._ /) (/t'+-R) 

'■ RR' 


R 


+ 


1- ^=- 


R' 

h 


R 


R- 


-(9) 


From (8) and (9), we get 


RR' = 


4 H 
RR' 

4 /j“ H 


Ex 8. The angular elevation of an enemy’s position on a hill s m 
above the gun position is p. Show that in order to shell it, the velocity of 
the projectile must not be less than 

\/g s (I+coscc p) 

[C.U. ’46] 

Let O be the position of the gun. A, the enemy’s position on the hill. 
AB=s m and OB be horizontal. Here Z_AOB=^. Let u be the velocity of 
projection and ot be the angle of projection. Let the projectile reach A in. 
time i. Now, OB=s cot 
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Then considering the horizontal and vertical motion of the projectile, 
we get 

II cos a. t=s cos p 
and IV sin a. ‘—~2 

, I 

=* w sin a gf 


(0 

( 2 ) 



Fig. 75 

Eliminating a by squaring (1) and (2) and adding, we get 

cot“ p-+(^ jd—^ gt* ^ 

^ y- cot“ p+j”H—^ g‘' t^-\ g st^ 

=> ^ /*—(m^— g.r) r* + J^ cosec2p=0. 

This IS a quadratic equation in t- Since should be always a real 
positive number, we must have 

(u^—cosec“ p ■■■(3) 

and —gj>0. ■ (4) 

The equations (3) and (4) imply that 
u^—gs'^gs coscc p 
u^^gs (1+coscc P) 

=> u^gS^^ Id-cosec ^ 


Hence the result 


L-.- M>01 
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Ex. 9. If J’l and I'n be the velocities of a projectile at the ends of a 
focal chord of its path, and v be the constant horizontal velocity, show 

that— 5-+ -3 ~ „a 

I’r J'a ' 

Let J be the focus of the parabolic path of the projectile and Pi SPi 
be a focal chord of the parabola, Fj is the velocity of the projectile at 
Pi in the direction of the tangent to the curve at Pi and va is the velocity 
of the projectile at Pa m the direction of the tangent to the eutve. Let 
these two tangents intersect at T From the properties of the parabola, 
we know that these two tangents will intersect at right angles on the 
directrix of the parabola Let Pi T make an angle 9 with the vertical TM 
through T. Hence, Po 7’will make an angle 90° — 9 with this vertical. If 
A be the highest point on the parabola, then the velocity v at ,.4 is 
horizontal. 



Now, since in the horizontal direction, the velocity remains constant, 
we have 

Vi sin 9 =horizontal component of the velocity at P\—\ 

sin ro = — ==i) (I) 

^ Vi 

and va sin (90° — 9 ) = horizontal component of the velocity at p 2 =i’ 


Va cos 9 = V 
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V 

=i. cos ip= - 

Vb 

Squaring (1) and (2) and adding, we gel 




...( 2 ) 


Ex. 10. A regular hexagon stands with one side on the ground and 
a particle is projected so as just to graxe its four upper vertices Show 
that the velocity of the particle on reaching the ground to it.s least velocity 
as V^S] to 's/ 3. 

Let be a regular hexagon of side 2a and let the side 

he on the ground, A particle is projected from a point A on the ground 
with a minimum velocity so as to graze the vertices F^E, D and C of the 
hexagon. 



Fig 77 

Let Ux be the horizontal component of the velocity of projection, «, 
from G. Since the horizontal component Wi of u remains constant through¬ 
out the motion of the particle, u will be minimum only when the particle is 
at the highest point of its path where the vertical component of the 
velocity becomes zero and hence the minimum value of u is Ui* Let O be 
the highest point of the parabolic path. If L and M be the mid-pointi of 
AB and ED respectively, then from symmetry, LM will pass through O, 
AB vertex of the parabola. We choose OML as the jc-axis. Let OM=b. At 
O, the velocity of the particle is uj. along OY, It* vertical component at 
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0 IS zero. If P U‘. y) be any point on the curve where the particle reaches 
from O in time t, then consideung the horizontal and vertical motion of 
the particle, we have 

jM = r/i t and x—~ gt^. 


Eliminating i, we get 





which IS the equation of the path of the particle. 
Now, OAI~ b and MD=-a 

Hence, the co-ordinates of D are (b, a). 


■ .( 1 ) 


If o' be the centre of the hexagon, then 0O' = OM-\-M0‘ 
= Z)+2fl sin 60° 


= 64^/3 a. 


O' C=~ MD la cos 60“=a4a=2fr. 

Hence, the co-ordinates of C are (b-\-a'\/ 3, la). 

Now, both D and C lie on the parabola (1). Hence, putting x=b 
and y=a, and j'=2ti m (1) successively, we get 


and 



h 


4a^=r. ). 

g 


-( 2 ) 


Eliminating «i“, we get 

± _ b _ 
d h + a'v/ 3 . 


h-l-flA/3 =4/> 3f)=n\/3 


From (2), we have 






2 ' ■ 


2b 2a 

Now. OL==OM-\-ML-=h 1-3 X 2a sin 60'' 

= --^—1- la-\/'i Tfrom (3)J 
V3 


la 

V~' 



■ (3) 

C4) 
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Now, considering the vertical motion from the highest point to the 
ground, we get 


v“=2g, 


OL=2g. 


la 

\/3 


14 gg 

vr-- 


(5) 


where v is the vertical component of the velocity of ihc particle on 
reaching the giound The horizontal component of the velocity of the 
paiticle on reaching the ground is i/i. If V be the resultant velocity on 
reaching the ground, v\e have 

= [from (4) and (5)] 

V 3 2 


31 flg 31 Vs'ag. 

2V3 6 


From (4) and (6). we get 


r/a 2 31 

= 31 ; 3 


1 

2 


.( 6 ) 


F : wi= \/3l • V'-i ■ 

(both K and Wi aie positive) 

Ex. II. A shell bursts on contact with the ground and pieces from 
it fly in all directions with all velocities uptu 25 m/s. Find the time 
daring which a man 30 m away will be in danger. 

Let u m/s be the velocity of projection of a shot, making an angle 0 
with the horizon, Let it hit the man Af at a distance 30m from O, the 
point of projection after t s, Then consideiing the horizontal and vertical 
motion of the shot, we get 

u CQS 0 ./ = 30 (1) 


and 


u sin 6 . t — 




Eliminating 6 from (1) and (2), we get 


, (i 


)■ 


=1 


..( 2 ) 


1 ^+ 20 '^= 0 
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t'= 


— 30 ° 



If => iv, 2=-30 ir, both the values of are real Hence, 

there are two pieces of the shot, each moving with any velocity u m/s, to 
hit the man at two different times H and f» given by 




2 , 


V it^ —30^ g~ 



- (3) 


and 




1 s 

2 ^ 


u 



Fig. 78 

Since t 2 > fi, we see that for different velocities of projection, the 
latest time ta at which a piece Of the shot can hit the man is when u la 
greatest i.e. when u—25 m/s. Hence, the greatest value of fa is given by 

, a_ 25“ + V'25* —900X9.8^ 
ra -- - - 

^X9 8* 

2 

_ 6254-V'304189 ^ 1176.53 „ 

48.02 48.02 


fa=4.95. 

Thus the latest time at which a piece of the shot can hit the man is 
4,95s nearly. After this time, no piece of the shot can hit the man. 

Now, (3) can be written as 
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30" 




_ 2X30=^ 

“ h^+vV-30V" ■ 

Thus we see that is least when u is greatest i.e. when t/=25 in/g. 
Thus, of all the pieces that hit the man, the earliest time when a piece 
can hit the man is given by the minimum value of tx which is given by 

, 2_25=‘ —s/lS-t—30^ X g.Ki^ 
tx - - - - 

^ X9.8^ 

2 


625—V30418 9 
48.02 


73 47 
48,02 


1.53 


(as m the previous case) 


ti = l 24. 

Thus the earliest time at which a piece of the shot can hit the man is 
1.24s nearly, Before this time, no piece can hit the man. 

Hence, the man remains m danger for (ta—ti) s or (4.95—1,24) s 
i.e, for 3.71s nearly. 

Ex. 12 Particles aie projected from a given point O with velocities 
of the same magnitude u but in different directions in the same vertical 
plane. Prove that at time t after projection, these will lie on a circle of 
radius ut. 

Let O be the point of projection and a be the angle of projection of 
a particle. We choose the horizontal and vertical through O as the x and 
y-axes. Let P (x, y) be the position of the particle at any time 1 (See 
Pig. 65). Then considering the horizontal and vertical motion of the 
particle, ne get 

x=u cos a . t 

and y=u sin a . t —^ 

Eliminating a, we get 
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which lepresents a circle with centre ^0,-^ gt^'^ and ladius ut 

Hence the result. 

Ex. 13. Show thiU the gieatest height which a shot fired with initial 
velocity II can reach on a vertical wall at a distance d from the point of 
projection is 

ill 

2g “ 2n^ • 


Let o! be the angle of projection of the shot and t, the time to reach 
a height h of the wall which is at a horizontal distance of rffrom the point 
of projection 

Considering the horizontal and vertical motion of the shot, we get 


and 


d=u cos o£ . t 
h—u sill 01 , t — ~ gt^ 


-.( 1 ) 

..( 2 ) 


Substituting /=--, obtained fiom (1) in (2), we get 

14 CO S ^ 


1 

h=dt&na.—~ g.-^sec^K. 


-.(3) 


We shall now find a for which h is maximum Differentiating both 
sides of (3) with respect to a, we get 

dll , 2 1 „ 

=f/ see a— 'Trg^ 2 sec® a tan a 


f/« 


= d acc®aij .1 


( l-^tan a) 


For maximum or minimum, 
dh 


da. 


=0 


tan M = - 


gd 


Also, 


d'^h 




=2 d sec®oi tan oi^ 1 — tan 
+ d scc®a^ — sec“a^ 
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—d sec'a.^ 


2 tan «- 


3 /Tfi? 


wlien tan £*=—r, we liave 


jT 

da.' 




tun “a 


3u= 


gd 


_ sd \ 

) 

gd l 

~ J 


which is obviously negative 


Hence, h is maximum when tan a= 


gd 


Putting Ian a =—— in (3), we get the maximum value of h as 
gd 


it^ 1 I "" \ 

s' 2 ; 


1 gd^ 


ir 

g 


i'l. 

2,If 


2id 


Ex. 14. Find when the particle which is piojeeted with velocity u 
at an inclination « to the horizontal will be moving in a direction at right 
angles to the initial direction and find the velocity at that moment. 

Let u be the velocity of projection and a be the angle of projection 
of the particle. At any time t, let the position of the particle be at P. 
Let V be the Velocity of the particle at P making an angle 0 with the 
horizontal. 


U 



Fig 79 

Then considering the horizontal and vertical motion of the particle, 
we get 
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If cos 0=(/ cos a 


V Sin 0 = i( sin a—gf 


Squaring (1) and (2), and adding, we get 

cos^a-|'ir sin“a— 2u gt sin a-\-g'^ 

~u' —2wgf sin a-|-g2 f“ 

=i' V—±'\/w*~2»g/sm a+g^ ■■■(3) 

Also, dividing (2) by (l), we get 
, a u sin a—gt 

tann—-. .(4) 

u cos a. '' ' 

Now, the direction 0 nt'the velocity v at P will be perpendicular to 
the direction a of projection when 

0 = a±9O'’. 

Putting 0—a+90" in (4), wc get 


— cot <K = 


1 / sin oi^g/ 


— a cos a 


= u sin a —gi 


ii cos*a )'u sm^oi —gt sin a 
u 

^ t ~ • 

g sm a 

Hence, the particle will be moving at right angles to the initial 

direction after time t= —--. Then the magnitude of the velocity of 

g sm a 

of the particle will be 


:i*-2 ng sin 


ffrom (3)] 


= y/u^ —cosec'a 
= 1 / 0 /cosec®a— 1 =« cot a, 
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Ex. 15. Show that, iT R be the maximum horizontal range for a 
given velocity of projection, a particle can be projected to pa.ss through a 
point whose horizontal and vertical distances fiom the point of projection 

are-^ R and ^ R respectively, provided that the tangent of the angle of 

projection is 1 or 3, and that in the second case, the range in the 

3 

horizontal plane is R, 

Let II be the velocity of projection and a be the angle of projection. 
Then we know that the maximum horizontal range R is given by 

R=-‘\ (1) 

g 



Fig. 80 

Referred to rectangular axes through O, the point of projection, the 
equation of the trajectory is given by 


y=X tan a- 


g 


2u^ 


-. ssc‘a. 


■ ^ ( 2 ) 


Since R,~r'^ is a point on this curve, we have 


R— R tan «. — X'i' (l+tan°a) 

4 2 4 


1 1 ^ l4-tan*a 

= - = -tan<x- - - 


i.a 1 
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^ 2=4 tan a—(H-tan* a) 

=> tan*a —4 tan“a-f 3=0 

=i- (tana— 1) (tanw—3)=0 

=>• tan a~ 1 or 3. 

Now, the horizontal lange R‘ is given by 

A — sm -sin a cos a 

S S 

—2 R sma cos «. 

(from (I)] 


Now, when tan “=3, 


then 




cos oc 


1 

■ 


Hence, in this case 


Hence the result. 


R‘ — 2R. 





EXERCISE ON CHAPTER 8 


1, A shell is projected with a velocity of 100 ra/s at an angle of 45° 
to the horizontal. Calculate the greatest height reached and the 
horizontal range. Also calculate the velocity of the shell when 

Is. r Ans, 255 I m, 1020.4 m, 93.31 m/s making an 


angle of tan ^ 


( 


250^2 I 


with the horizontal 


] 


2. A man and his dog arc standing side by side on a horizontal 
plane when the man throws a ball with velocity 5 m/s at an angle 
of 30° to the horizontal. What is the average speed of the dog 
who sets off immediately and catches the ball just before it hits 

the ground ? ^Ans. —- m/s J 


3, A boy stands on a clilT of height 100 m above sea-level and 
throws a stone out to a sea with an initial velocity of 15 m/s in a 
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horizontal direction. How long does the stone take to reach 
the sea ? [Ans. 4,518 s] 

4. Find the angle of projection which gives a body a horizontal 
range of 8 km when projected with a speed of ^100 m/s. 

Ana. 1," sin”^ ( 49) J 

5. A gun which can lire a shell with a speed of 400 m/s in any 
direction is placed in a bunker on a horizontal plane Find the 
maximnm area which the gunner can command. 

TAns.(16326.53)^ n m“] 

6. A coastguard standing on a cljIT 100 m above sea-level is trying 
to fire a life-]me to a boat on the sea below. The firing 
mechanism flies the line bolt with a velocity of 75 m/s 
horizontally. Calculate how far out the line will reach if 10 m 
shoit IS allowed for the drag of the line. [Ans. 329 m nearly] 

7. A jet of water is ejected with a speed of 20 m/s from a fire hose 
inclined at 45“ to the horizontal. Calculate how far the water 
will reach on the horizontal ground, assuming no air resistance is 
offered to the water. 

At what angle must the hose be inclined in order to direct 
the same jet of water horizontally through a window at a height 
of 4.9 m in a vertical wall 7 I Ans. 40.8 m, sin"’^ (,49)] 

8. A body is projected with a velocity u at an elevation «. 

Calculate the velocity of the body when it has reached a height 
y above the point of projection TAiis. y'u^—2gy} 

9. A cricketer is standing 50 m from the batsman when he catches 

him out, He estimates that the ball conies to him at an angle of 
30“ to the horizontal. Calculate the velocity with which the ball 
leaves the bat. (Assume that the ball is caught just above the 
ground). [Ans 23.77 m/s] 

10. A diver on a fixed high board runs forward witli a velocity of 
2 m/s. How far forward vi'ill he strike the water 10m below and 
how long will he be in the air ? (f he now returns to the high 
spring board 10 m above the water-level, how much longer will 
he be in the air in order to execute a soraeisault and twist by 
leaping up with a velocity of 2 m/s at 80“ to the horizontal 7 

(sin SO =0.985) j^Ans. 2 m; 1 s; 0,22s nearlyj 
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II. Prove that the trajectory of a projectile which gives the 
maximinr) liorizontal range Jl also has a greatest height of ijR. 


12. A ship IS sailing westward with a velocity of S m/s. A sailor 
drops a bolt from the top of a must. If the mast of the ship is 
19 5 m high, where will tho bolt hit the deck '> Consider two 
cases when (i) the ship stops moving immediately after the holt 
IB dropped, and (ii) the .ship continues to move even after the 
bolt IS dropped. [Ans. (i) 16 m away from the foot of the 

mast (ii) Exactly at the foot of the mast] 


13 From the top of a building, 19,6 m high, a ball is projected 

horizontally. After how long does it strike the ground '> If the 
line joining the point of projection to the point where it hits the 
ground makes an angle of 45° with the horizontal, what is the 
initial velocity of the ball [Ans. 2 s, 9.8 m/s] 

14 A bomb is dropped from an aeroplane when it is directly above 
a target at a height of 1500 m. The aeroplane is going 
horizontally with a speed of 500 km/h. By how much distance 
will the bomb miss the target ? 

[a». 


15. A foot-ball IS punted at an angle of 60° above the horizontal. 
Find 

(0 the velocity with which it leaves the punter’s toe if it travels 
20 m, measured horizontally on the field. 

(li) to what maximum height the ball will rise. 

(iii) the time of flight. 

[Ans. (i) 15.04 m/s (ii) 8,66 m (lii) 2.658 s] 

16. A ball is thrown horizontally with a velocity of 15 m/s from a 
tower 30m high. Find the time of flight, the horizontal range 
and the speed of the ball just before it strikes the ground. 

[Ans, 2.47 s, 37-05 ra, 24.25 m/s] 

17 A plane is climbing at an angle of 30° above the horizontal at a 
speed of 400 m/s. When it i* at an altitude of 1595 m, it 
releases a bomb, Find 

(i) in how many seconds the bomb reaches the ground. 

(ii) how for beyond the point of release does the bomb strike. 


(Take g=10 m/s*) 

[Ans. (i) 59s (ii) 10045.89 m] 
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18. An aeroplane is Hying in a horizontal direction with a velocity 

of 600 km/h and at a height of 1960 m. When it is vertically 
above a point A on the ground, a body is dropped from it. The 
body strikes the ground at a point B Neglecting air resistance, 
calculate the distance AB. [I I.T. '63] 

LAps. 3,33 km approx] 

19. A shot fired from a gun pas.scs honzoniatly just over a wall. If 
the wall he 19.6 m high and 58 8 m distant from the gun, find 
the direction and the velocity of projection of the shot 


2 

Alls, tan"’^ —35.33 m/s approx. 


20 . 


From the top of a tower, 63 7 m high, a stone is projected, the 
horizontal and the vertical comimncnts of the velocity being 
78.4 m/s and 58.8 m/s respectively f ind G) the time of flight 
and (ii) the distance of the point where it strikes the ground, 
from the foot of the tower. [Ans. (i) 13 a (li) 1019.2 m] 


21 . 


A batsman hits a ball just where it is pitched. The ball leaves 
the ground at an angle of 37" with the horizontal, and with an 
initial speed of 14.7 m/s. A fielder .standing at a distance of 
29.4 m from the batsman in the direction of the shot starts 
running at a constant speed to catch the ball at the instant the 
ball is hit. How fast must he run to just make the catch ? 

(sin 37^=.60) [Ans. 4 57 m/s approx] 

22. What is the least velocity with which a cricket ball can be 

thrown 80 m horizontally ? [Ans. A/SOg ra/s] 

23. If the maximum hoiizontal range for a particle is A, show that 
the greatest height attained is .25 R. 

24. A particle is projected with a velocity so that its range on a 
horizontal plane is twice the greatest height attained. Show 
that the range is .0816 Vo^. 

25. Find the maximum horizontal range when the velocity of 

projection is 28 m/s. [Ans. 80 m] 

26. A ball projected with a velocity of 28 m/s has a horizontal range 
of 40 m, What is the angle of projection ? [Ana. 15° or 75°] 

27. A bullet fired at an angle of 8 to the horizontal has a horizontal 
range R metres and time of flight T seconds. Show that 

4.9 r‘ 


tan 


R 
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28. If i? IS the horizontal range of a projectile and//, the greatest 

height, prove that the initial velocity Vo is given by 

Vo=[2g{fr+--^y ]■ 

29. The initial horiz;oiital and vertical components of a projectile 
are Vu<. and Voy respectively. If Ji is the horizontal range and 
H. the greatest height attained, show that 



(lii) the maximum horizontal range is 


30. If H be the time in which a projectile reaches a point P in its 
path and ts,, the time from P till it reaches the horizontal plane 
through the point of projection, show that the height of jP 

above tho horizontal plane is -^gtx t^. 


31. A cannon ball has a range il on a horizontal plane. If H, H' 
are the greatest heights and t, t', the times of flight in the two 
possible paths, show that 

R= V4HH‘ t'- 


32. Two balls are projected from the same point in directions 

inclined at 60° and 30° to the horizontal, (i) If they attain the 
same height, wliat is the ratio of their velocities of projection ? 
(ii) If they have the same horizontal range, what is the ratio of 
their velocities of projection ? [Ans, (i) I : v^3 (ii) 1 : 1] 

33. Show that a given gun will shoot three times as high when 
elevated at an angle of 60° as when fired at an angle of 30°, but 
will carry the same distance on a horizontal plane. 

34. A body is projected vertically upwards from a point A with a 
velocity u. If 0 be the direction in which another body must 
be projected simultaneously with velocity Va from a point B in 
the same horizontal line with A so as to stiike the first body is 
given by 


sm 0= 


u 
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35. A parlicle is projected with velocity Vo at an evcvation 6. Prove 

2 

Vo sin= B 2 /—2--- 

that if h < - 2 ^^-, then -- ^ Vg sin^ 0 —2f/; is the time 

required by the particle to pas.s through two points having the 
same height /i. 

36. A cricketer can throw a ball 49 m vertically upwards. How far, 

at the most, can he throw it on a level field ? LAns. 9B m] 

37. If Vo he the velocity and 0 be the angle of projection of a body, 
show that the body will be moving perpendicular to its original 

direction of motion after a time cosec 0. 

S 

38. Two seconds after its projection, a projectile is travelling in a 

direction inclined at 30® to the horizon and after one more 
second, it is travelling horizontally. Determine the velocity and 
the angle of projection, [Ans. 33 95 m/s, 60°] 

39. A bomb was released from an aeroplane when it was at a height 
of 1000 m above a point A on the giound and was moving 
horizontally with a speed of 100 m/s. Find the distance from 
A of the point where the bomb strikes the ground. 

[Ans. 1414.21 m] 

40. A shell bursts on contact with the ground and the pieces from 
it fly in all directions with all speeds upto 30 m/s. Show that a 
man 30 m away is in danger for nearly 5 .s. 

41. A stone IS thiown up with a velocity of 39 2 m/s at 30° to the 
horizontal. Find at what times, it will be at a height of 14.7 ra 

[Ans. 1 s and 3 s] 

42 When a bullet is filed in a direction making an angle 0 with the 
horizontal, the range is 1000 m. If the bullet is fired with the 
same angle from a car travelling with a speed of 36 km/h 
towards the target, show that the range will be increased 

by J^vwa: 

43. A jiarticle is projected so as to graze the tops of two walls, each 
of height 20 m at distances 30 m and 170 m respectively from 
the point of projection. Find the angle of projection. 

[Ans. 38°6'] 
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44. A gun kept on a straight horizontal road is used to hit a car 
travelling away from the gun with a uniform speed of 72 km/h. 
The car is at a distance of 500 m from the gun, when the gun is 
fired at an angle of 45° with the horizontal Find (i) the 
distance of the car from the gun when the shell hits it and 
(ii) the speed ol'piojection of tlic shell fiom the gun, 

(Neglect the heighi of the car) TI.l.T ’74J 

lAns. (i) 746.9 m (ii) 85.56 m/s] 

45. A particle is thrown ovei a triangle from one end of a horizontal 
base and grazing the vertex falls on the other end of the base. 
If a and p arc the base angles, and 0, the angle of projection, 
show that tan 0=tan M-|-tau 

46. A revolver can fire a bullet with a muzzle velocity of 63 m/s. 

Is It possible to hit the top of a tower, 400 m away, its height 
being 30 m [Ans No.] 

47. A block of ice starts sliding down from the top of the inclined 

roof of a house along a line of 'naximum slope, the angle of 
inclination of the roof being 30° with the hoiizontal. The highest 
and the lowest points of the roof arc at heights 8.1 m and 5 6m 
respectively from the ground. At what horizontal distance from 
the starting point will the block of the ice hit the ground ’ 
(Neglect friction) [I.I.T.’ 72] 

[Ans. 8.998 m] 

48 A stone is projected from a point on the ground in such a 
direction <x with the horizontal as to hit a bird on the top of a 
telegraph post of height h and then attains a maximum height 2 h 
above the giound If, at the instant of projection, the bird were 
to fly away horizontally with a uniform speed, find the ratio 
between the horizontal velocity of the bird and the velocity of 
the stone, jf the stone still hits the bird while descending 

[Ans, cos O';!] 

49. A particle is projected with a velocity of 29.4 m/s at an angle 
of 60" to (he horizontal. Find the range on a plane inclined at 
an angle of 30° to the horizontal when projected up the plane. 

[Ans. 58.8 m] 

50. Two paper screens, A and B, are separated by a distance of 
100 m. A bullet pierces A and then B. The hole in .fl is .1 in 
below the hole in A. If the bullet is travelling horizontally at 
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the time of hitting the screen A, calculate the velocity of the 
bullet when it hits the screen A. (Neglect the resistance of the 
paper and air ) [11 T. ’70] 

[Ans, 700 m/s] 

51. A pilot flying at 300 km/h along a horizontal line 300 m above 
the ground level wi.shes to bomb a tank travelling at 30 km/h 
in the same diiection on the ground How many seconds before 
he is directly over the tank must he lelease the bomb and what 
must be the distance measured in the horizontal direction, 
sepalating the plane and the tank “ [Ans. 7.825 s, 586.8 m] 


52. A boy throws a ball with a velocity of J 6 m/s at an angle of 
45° to the horizontal. The ball strikes a wall at a distance of 
3 m fiom the body, When Will the ball strike the wall when the 
ball ascends or descends t I ind the height at which the ball will 
strike the wall. Determine the velocity of the ball at the moment 


of impact. 


[Ans Aftei 


3V2 , 

—s during 


nseend ; 2,118 m 
above the boy; 7,64 m/s] 


53. A particle is piojcctcd so as to graze the tops of two walls, each 
of height 7 m at distances 10 ni and 50 m respectively from the 
point of projection. Find the angle of projection. 

[Ans. 

54. A shell breaks into two equal parts at (he highe.st point of its 

path, 19 6 m above the ground and at a horizontal distance of 
1000 m from the point of firing. Two seconds after the explosion, 
one of the pieces, say the first, hits the ground at a point 
vertically below the point wheie the shell broke. Calculate the 
velocity of (i) the shell before breaking, (il) the first part 
immediately after the shell broke, (iii) the second part immediately 
after the shell broke and (iv) the distance between the point of 
firing and the point at which the second part of the shell hits 
the ground. [I.I T. ’70) 

I Ans. (i) .'00 ni/s horizontally 
(u) 0 m/s both horizontally and vertically (lii) 1000 m/s 
along horizontal and 0 in/s along vei lical (iv) 3000 ml 


55. A block of wood of mass .9 kg i.s dropped ftom the top of a 
tower 30 m high. As it passes by, a person shoots a bullet at it. 
The bullet of mass .1 kg strikes the block hoi izontally with a 
velocity of 100 m/,s and get.s embedded in it when the block has 
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fallen a distance of 10 m from the top Neglecting air resistance, 
(i) calculate the horizontal and the vertical components of the 
bullet-block combination just after collision and (li) find the 
horizontal displacement when the block hits the ground. 

[T.I.T. ’68] 

[Ans. (i) lOm/s, 12,6 m/s (ii) 11,09 m] 

56. Particles, P and Q, of masses 02 kg and ,04 kg respectively are 

simultaneously projected from the points A and B on the ground. 
The initial velocities of P and Q make angles ot 45“ and 135° 
respectively with the horizontal AB. Each particle has an initial 
speed of 49 m/s. The separation AB is 245 m. Both the particles 
travel in the same vertical plane and undergo a collision After 
collision, P retraces its path. Determine the position of Q when 
it hits the ground. [I T.T. ’82] 

[Ans- At 122 5 m from 

A 01 B i.e. at the mid-point of AB, which is vertically below the 
highest point of both the trajectories] 

57. A body lunning at n uniform .speed of 3 m/s throws up a ball 

voiticiilly relative to himself and catches it at a place 6 m fiom 
the point where he threw it up. With what velocity relative to 
himself does he throw the ball 7 [Ans, 9.8 m/s] 

58 A gun is filed at an elevation of tan”^towards a person at 

the same horizontal plane as the gun. If the shot and the sound 
of the gun reach him at the same instant, find the range, the 

velocity of sound being 336 m/s. (Take g=10 m/s^). 

[Ans 1128 96 m] 

59. A fountain jet projects stream in all directions with a velocity 
of 5 m/s from a point 2 m above the centre of the circular 
basin. What must be the diameter of the basin to catch all the 
watci 7 

60. A ball is thrown from the ground level to strike a vertical wall 

at a distance x away at a height j' above the giound when the 
ball is travelling horizontally. Show that the velocity of 
projection is 

[ ^ 

61. For a trajectory, show that the focus of the path lies above, on 
or below the horizontal line through the point of projection. 
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according as tlic angle of projection is greater than, equal to 

7Ti 

or less than -r- . 

4 

A particle which is projected with a velocity u has a range R on 
a horizontal plane Show that the time of flight, T, and the 
maximum height, H, can be obtained from the equations 

£,2 4j^a „2+47i».-=o 
and 1 0. 

A vertical rod, PQ, subtends an angle 0 at a point O in the 
same horizontal plane as the foot of the rod. Two balls are 
projected at the same instant from O, m the directions making 
angles a and P with the horizontal so that the former strikes the 
top of the rod at the same moment that the latter strikes the 
bottom. Prove that tan a—tan p="tan 0, 

A particle is projected from the base of a hill whose shape is that 
of aright circular cone with axis vertical, The projectile grazes 
the vertex and strikes the hill again at a point on the base. If a 
be the semi-vertical angle of the cone, h, its height, V, the initial 
velocity of the projectile and 6, the angle of projection measured 
from the horizontal, show that 
tan 0 = 2 cot a 

and y^=gh^2-]- lanV^. 

A particle, being projected with a velocity u at an angle 6 with 
the horizontal, just grazes the edges of a cube (of side a) which 
stands on a horizontal plane. Show that 
gQgS g ^^2 jjjj 2 g— 2ag). 

A fort and a ship are both armed with guns which can fire with 
a muzzle velocity of 2 gk and the guns in the fort are at a 
height h above the guns in the ship. If di and t/a are the greatest 
horizontal ranges at which the fort and the ship can respectively 
engage, prove that 

^ _ 

da ~ \ k-h ■ 

Two heavy particles are projected at elevations ot and p in the 
same vertical plane at the same instant with equal velocities 
from two fixed points, and meet. Show that a + p=constant. 
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68. A fort is situated on the top of a hill at a height h abo-ve the »ea- 
level. Prove that the greatest horizontal distance from which a 
shot can be fired at the fort form a ship m the sea is ^/l kik—h), 
it is being given that the initial velocity of the shot is -Vlglc. 

69 A body is projected so that on its upward path it passes through 
a point X m horizontally and )■ m vertically from the point of 
projection If Ji in is the range on the horizontal plane through 
the point of projection, show that the angle of elevation of the 

projection is taii~^ ^ 

70, A boy can tlirovv a ball vertically upwards to a height J/ m. 
Show that he cannot clear a wall, h m high, at a distance d m 
from him unlcis 

2 

71 A tower of height h stands on a horizontal ground, and a particle 
is projected with speed tt from the top so as to hit the ground at 
the greatest distance from the foot of the tower. Prove that this 
distance is 


—y/ u^+2gh 

72. If a projectile be at a point P Cv, y) of its path at timer and 
possesses a velocity V making an angle a with the horizontal, 


prove thal (i) tan a- 


_ K q sm B —gr 

Kn COS fl 


and (a) y'^=Vo — 2 gy, where Vq and B are the initial velocity and 


the angle of projection respectively, 

If 9 be the change in direction of motion in the above 
problem i.e, if <p = 0—a, show that 


(lii) 


Vo _ g/ _ 
cos (6—<p) sin <p cos 0 


and 


73. 


(iO 


tan 9 


gt cos B 
Va—gt sin 0 


A particle is projected with an initial velocity u. If the greatest 
height attained by the particle be H, prove that the range R on 
the horizontal plane through the point of projection is 




[C U. ■ 40] 
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74. The line joining P and Q is inolined at an angle a to the 
horizontal. Show that ihe least velocity requiied to shoot from P 
to Q is to Ihe least velocity required to shoot from Q to P as 

( a cl. \ / a CL \ 

cos —+sm —1 ; I cos -- —siii^ 1 . 

75. Two particles arc projected from a point A at a height h above 
a horizontal plane with equal speeds u, hut m opposite 
directions. Show that, if tr>-2gh, the greatest possible distance 
between the points at which the particles stride the plane is 
,,2 

—^-\-2h. What is the greatest possible distance between the 
points when tP<.2gli 

76. A particle P is projected at an angle a to the horizon with 
velocity P and is subsequently met by a second particle g, 
which is let fall from rest from the directrix of the path of P at 
the instant of projection of P. Show tlnit the distance of 
the point of projection of P from the straight line described by 
^ ooto 

77. A particle projected with a velocity u strikes at right angles to a 
plane through the point of projection inclined at an angle p to 
the horizon. Show that the time of flight is 

2 11 _ 

gV 1 -\-3 sin^ p 

and that the height of the point struck above the point of 
projection is 

•sin^ P 

‘l-l-3.sin2p 

78. A and B aie two points at a distance ei apart and at heights 
hi, iia above a given horizontal plane. Prove that the minimum 
velocity with which a particle must he projected from the plane 
so as to pass through A and B is 

Vs (hi-l-h^+cl) . 

79. An aeroplane flying with a constant velocity r at a constant 
height /i passes directly over a gun. When the elevation of the 
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aeroplane above the horizontal plane is 0 as seen from the gun, 
the gun is fired point blank at it Show that the shot hits the 
aeroplane if 2 (F cos 0—v) v tan^ ^=gh, where K is the initial 
velocity of the shot, its path being parabolic. [C,U. ’ 32] 


80. Two shots are projected from a gun at the top of a hill with the 
same velocity u at the angles of projection a and [3 respectively. 
If the shots strike the horizontal ground through the foot of 
the hill at the same point, show that the height h of the hill 
above the plane is given by 


2i<^ (1 —tan « tan 
g (tan a+tan P) 


[C.U ’ 35] 


81. Two particles projected with the same velocity from O, a point 
on an inclined jalane, pass through the same point P in the 
plane, show that if ct, p be the angles of elevation, then 


where i is the angle of inclination of the plane. 

82. Show that the product of the two possible times of flights from 

. 2 P Q 

P to Q with a given velocity of projection is- • 

83. A shell on striking the horizontal ground bursts and scatters its 
fragments all with speed V. Show that the area within which a 

TVV* 

man runs the risk of being hit by a fragment is ~~r~ ‘ 

s 


84. A particle is projected with a velocity V so that the range on a 
horizontal plane is twice the greatest height attained. Show that 

the range is 

85. A particle is projected from a point O so as to pass through two 
given points in the same vertical plane with O, at heights hi and 
/la above O, and at horizontal distances di and from it on the 
same side. Show that the angle of projection is 


_ r dl Aa- cQhi 1 
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86. For a given lioriFontnl range, if' a,, ag are any two possible 
angles of projection and h, ft, the corresponding times of flight, 
then prove that 


t '1- t 


sin (fKi -; «a) 
sin («i * «a) 


1 3 

87. Particles arc projected simultaneously with velocities of 

magnitude V from a given point in drlTerent directions in the 
same vertical plane Prove that after time t, they all lie on a 
circle, [C.TJ. '41, ’53] 

88. A particle is projected from a point at a height 3/i above a 
horizontal plane, the direction of projection making an angle a 
with the horizon. Show that if the greatest height above the 
point of piojection is /i, the horizontal distance travelled before 
striking the plane is 6 h cot a, 

89. If ( be the time of describing any portion PQ of the parabolic 
path of a projectile, show that ( vanes 

(tan « —tan p), 

where a and p are ihe angles which the tangents at P and Q 
make with the horizon. 

90. A ball is projected, ami a second ball is also projected from the 
same point and in the same direction with a velocity equal to the 
vertical component of the velocity of the first ball. Prove that the 
path of the second passes through the focus of the path of the 
first, 

91. A body is projected at an angle a to the horizontal so as just to 
clear two walls of equal height a, at a distance 2o from each 


other. Show that the range is equal lo 2a cot — . LC U. ’65] 


92, A particle is projected with speed w so as to strike at right angles 
a plane through the point of projection, Inclined at 30° to the 

4u^ 

horizon. Show that the range on this inclined plane is 

93. A shot is fired at an elevation of a at a bomber flying in a 
horizontal straight line with acceleration /, At the instant of 
firing, the bomber is directly overhead at a height h and has a 
Velocity v. Prove that no velocity of projection wiU make the 
shot hit the bomber unless 

tan • 


v‘ 
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94. If and be the lespcctive maximum ranges of a particle 
when projected up and down a plane of elevation “i, prove that 

Ri 1—sin K 
Ri I -|-sin K 


95. A smooth plane is inclined at an angle of 45" to the horizon and 
from the foot of it a body is projected upwards along the plane, 

and reaches the top with jthof its original velocity u. Show 


that it will strike the ground at a distance from the point 

of piojection 


96. 


A particle projected under gravity from a point O passes through 
two points whose co-ordinates relative to horizontal and vertical 
axes are (a, a) and (2a, a) Find the angle of projection and 
show that 1 ', the velocity of projection is given by 


1 ' 


2 


l-Ig a 
4 


Ans. tan' 



97. If several particles are projected in the same vertical plane from 
the same point with the same velocity, show that the foci of all 
the parabolic paths lie on a circle. 

98. A ball is projected at an angle a to the horizontal up a plane 
which passes through the point of piojection and is of elevation 
(3 Show tiiat it strikes the plane 

(i) horizontally, if tan a=2 tan /3 and 
(ii) normally, if tan a=2 tan /i+cot a. 

99. From the top of a tower, two bodies are projected with the 
velocity u at different angles w and /9 of elevation and they meet 
the horizon at the same place. Show that the distance of the 
point, where they strike, from the foot of the tower is 

-7T -rt-and the height of the tower is 

gCtan a-htan |H) 


2 (1 — tan m tan ff) 

g (tan a+tan ,9)^ 

100. A particle is projected with velocity K and angle of elevation a 
from a point O. Prove that if K is given, the particle may be 
made to pass through any point P inside the parabola 

4g^ (V’‘—4 gy). 



216 


ELLMCNIARY DYNAMICS 


by a suitable choice of «. Given that P is at a height h above 
the level of O, anti that OP d, prove that the least velocity of 
projection with which a particle can be projected from O so as 
to pass through P is (h-l J) . 

101. Particles arc projected from a given point in the same vertical 
plane at the same elevation. Show that the locus of (i) the 
vertices and (ii) the foci of the parabolas which they describe is 
each a straight line. 

102. What is the angle of projection of a particle so that the focus of 
the path may be as much below the point of projection as the 
vertex is above ? 

[Ans. m- ^4.] 

103. If two particles arc simuJtaneoutK projected from the same 
point in the same vertical plane, prove that the line joining 
them moves parallel to itself. 

104. Two particles ate projected simultaneously form O in different 
directions with the same speed u so as to pass through another 
point P If a and p are the anlges of projection, prove that they 
pass through P at times separated by 

a -p 

2u ^ 

S a-h/! ' 

COS - 

105. If the velocity K at any point of the path of a projectile is 
suddenly diminished by onc-half, prove that the focus of the 
new trajectory is instantaneously shifted nearer to the projectile 

through the distance —r— ■ 

“S' 

106. The radii of the front and hind wheels of a carriage are a and b, 
and c is the distance betwteii their axle-trees. A particle of 
dust driven from the highest point of the hind wheel is observed 
to alight on the highest point of the fiont wheel. Show that 
the velocity of the carnage is 

. / (c+o—6) (c—Q-hh) 

V 4 {b~a) 

107. A balloon, rising vertically from the ground with constant 
acceleration f, was struck by a shell fired at the instant wh en 
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the balloon was released If the shell was fired from a gun on 
the ground at a distance q from the point of release of the 
balloon, show that the least possible initial speed of the shell 

was Vn tind find the angle of elevation of the gun for 
this speed of projection [Ans 45“] 

108. If J? IS the greatest horizontal range possible foi a particle 
projected with a given velocity, without any lestrietion, prove 
that when the vertiial height is restricted not to exceed 

h the greatest range attainable is 2V2k(R~2h) 

109 A plane is flying horizontally with constant velocity v m/s. A 
shot, fired from a gun G on the ground when the plane is at A, 
hits the iilane when it is at / s later. If AG makes an angle a 

With the horizontal, prove that v='^ gt cot a. 

110 If the greatest height attained by a rifle bullet is *^111 the range 

fl 

on a horizontal plane through t'lc point of projection, show 
that unless n=4, it is possible to increase the range by altering 
the angle of projection 




APPENDIX 


SOME MULTIPLE-CHOICE OBJECTIVE 
TYPE QUESTIONS 


In most of the competitive examinatioiiSj the multiple-choice 
objective type questions arc asked. In Mechanics, these types of questions 
are hardly available. A few such questions are given below from each 
topic of this book for the convenience of students. 

In each of the following questions, there are four possible answers 
marked (A), (B), (C) and (D). Only one of these answers is correct. The 
letter that has been given against each correct answer should be written 
m bold letter in the bracket provided in the right-hand margin. 

The value of g, the acceleration due to gravity, should be taken as 
9 8 m/s“ in S I system in all problems wheie it occurs, unless otherwise 
stated. 

I. Topic . Fundamental Concepts, Average Speeds and Velocities and 
Composition and Resolution of Velocities 

1. The statement which is never true is that all 

(A) vector quantities have directions 

(B) vector quantities have magnitudes 

(C) scalar quantities have directions 

(D) scalar quantities have magnitudes ( ) 

2. When we say that a moving point has a velocity v. we mean that it 

would undergo a displacement of 

(A) V units of length in v units of time 

(B) unit length in v units of time 

(C) V units of length in unit time 
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3, A velocity can be resolved into 

(A) only two components 

(B) only thice components 

(C) only four components 

(D) any number of components ( j 

4, A man travelled from Calcutta to Delhi by a train. The tram 
moved with 

(A) a uniform speed 

(B) a uniform acceleration 

(C) a uniform speed and a uniform acceleration 

(D) none of these ( ) 

5 A body moves in a circular path of radius 42 m It moves 66 m in 
3 s and completes the path in 12 s nearly. Therefore, the body 
moves with 

(A) a uniform velocity 

(B) a uniform speed 

(C) a uniform acceleiation 

(D) a variable acceleration ( ) 

6. If the final displacement of a particle moving with a constant speed 
is zero, then it must have moved along a 

(A) straight line 

(B) circle 

(C) paiabola 

(D) hyperbola ( ) 

7. A particle moves with a velocity of 5 m/s from O io A The 
component of the velocity along AO will be 

(A) 5 m/s 

(B) —5 in/s 

(C) 0 m/s 
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8. AB is a line segment such that AB^-am. A paiticle starts from A to 
J With a uniform velocity of u m/s and comes back to again in 
time ts- Then the displacement of the particle is 


(A) 

a m 


(B) 

2a m 


(C) 

nt m 


(D) 

none of the above 

( ) 


9. A man moves 3m along east, then 8 m along north and then again 
3m along cast. The displacement of the man is 

(A) 6 m 

(B) 14 m 

(C) 10 m 

(D) 8 m C ) 

10, A particle moves in a straight line with a velocity of 3 m/s. After 
s it has an additional velocity of 3 m/s at right angles to its 

original direction of motion. The displacement of the particle 1 s 
after it has the additional velocity is 


(A) 

5 m 


(B) 

Vl3 m 


(C) 

1 -h 3 V2 m 


(D) 

none of the above 

( ) 


11- A cyclist starts from to 5 with a speed of 30 m/s and returns to 
A from B with a speed of 20 m/s. The average speed of the cyclist 
will he 

(A) 24 m/s 

(B) 25 m/s 

(C) 0 m/s 

(D) none of the above ( ) 

12. If u km/h be the velocity of a body at A and v km/h be the velocity 
at fl. jc km be the distance from A to B and t hours be the time 
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taken by the body to go from A to B, then the average velocity will 
be 

(A) ^'-^km/h 

(B) i km/h 

(C) km/h 

( ) 

(D) none of the above 

13. A man walks 3 km towards east at the rate of 5 km/h and then 
walks 4 km towards north at the rate of 3 km/h. Then for the whole 
journey the man’s average 

(A) speed IS 3^1 km/h 

/■D\ j ■ 29 km/h 

(B) speed is — 

18 

(C) velocity is 3 — km/h north of east 

29 

(D) velocity is — km/h north of east ( ) 

14. An aeroplane flies 100 km due west then 1000 km due north. Then 
it flics back to the starting place by the shortest route. Its speed is 
400 km/h throughout the jouiney Then the average velocity of the 
aeroplane over the entire trip is 

(AJ 400 km/h 

(B) 200 km/h 

(C) 100 km/h 

(D) 0 km/h ( ) 

15. A car covers the first half of the distance between two places at a 

speed of 40 km/h and the other half at 60 km/h. Then the average 

speed of the cat is 

(A) 50 km/fa 

(B) 48 km/h 

(C) 100 km/h 

(D) 55 km/h 
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16. A boy goes a distance x m with a speed vi m/s and returns the 
same by va m/s. His average speed is 


(A) 

ra/s 


(B) 

2ji; ; 

— , - m/s 


(C) 

0 m/s 


(D) 

H-S' "/“ 

11^ 

( ) 


17. If a particle moving along a straight line describes first p m of its 
journey with a uniform velocity of ii m/s and the remaining ^ m of 
its journey with a uniform velocity of v m/s, then the magnitude of 
its average velocity is 


(A) 

m/s 

p q 

(B) 

tn/s 

(C) 

<g + g) UP 

py qu 

(D) 

" t ni/s 
p -1- q 


18. A particle is moving m a straight iine A£ and its displacement from 
A after r s is given by the relation S = 0.25 t + 0.375 
The average velocity during the fourth second is 


(A) 

3.25 m/s 


(B) 

2.875 m/s 


(C) 

3.5 m/s 


(D) 

none of the above 

( ) 


19. 


A boy is going 6 m due east and then 8 m due north in 10 s with a 
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(A) 

it 


(B) 



(C) 

It"'' 


(D) 

To-'* 

( ) 


20. A particle has a velocity v in a direction, visa resolved pait of v in 
a direction making an angle cf with v. Then the resolved part of v' 
along the direction of v is 

(A) V sm a 

(B) V cos a sin a 

(C) V cos" 0. 

(D) V ( ) 


2l, The components of a given velocity V along two directions making 
angles « and p with the direction of the velocity will be 


(A) 


V cos P , V sin p _ 

sin (« + P) sin (« -r P) 


(B) 


V sm V , V cos a 
sin (a -h P) ‘ sin (* -|- P) 


(C) 


k sin P , V sin «■ 
cos (« + P) sm («• + P) 


(D) 


V sin P 
sm (s' + P) 


and 


V sin a 
sm (a + P) 


( ) 


22. If a velocity of 100 m/s resolved into two equal velocities at an angle 
of 60° to each other, then the magnitude of the equal velocity is 

(A) 50 m/s 

(B) 

(C) 50 \/3 m/s 
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23. A velocity — ni/s is resolved into two components along OA and OB 

making angles 30° and 45° respectively with the given velocity. Then 
the component along OB is 

(A) m/s 

(B) ^ ■ tn/s 
4 

(C) ^ m/s 

(D) none of the above ( ^ 

24. A particle possessing simultaneously three velocities 7 m/s, 8 m/s 
and 8 m/s is at rest. The angle between the greatest and the smallest 
velocities 

(A) is radian 

(B) IS radian 

(C) is ~ radian 

(D) can not be determined from the given data ( ) 

25. An aeroplane travels 100 km to the north and then 200 km to the 
east. In order to reach its destination in a straight flight, the 
aeroplane should have headed to the east of north at an angle 
which 

(A) is less than 30° 

(B) lies between 30° and 45° 

(C) lies between 45° and 60° 

(D) more than 60° ( ) 

26. A bird can fly in still air at 20km/h. When wind is blowing straight 
from the north at 10 km/h, the direction in which the bird should 
aim in order that it may fly from east to west is 

(A) 30° west of north 

(B) 60° north of west 

(C) 30° north of west 
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27. If two velocities each equal to « act at a point at an angle 0, their 

resultant velocity is 
0 

(A) 2 u cos ~ 

(B) 2 u cos 0 

(C) 2 u sin ~ 

(D) 2 u sin 0 ( ) 

28. A particle can, in no circumstance, be at rest if it possesses the 
velocities given by 

(A) 20 cm/s, 10 cm/s, 8 cm/s 

(B) 7 cm/s, 8 cm/s, 13 cm/s 

(C) 3 cm/s, 7 cm/s, 8 cm/s 

(D) 3 cm/s, 4 cm/s, 7 cm/s ( ) 

29. A particle has velocities 3 mis, 7 m/s and 13 m/s inclined at an 
angle of 120° to one another. The resultant velocity is 

(A) 3 V3 m/s 

(B) 2 Vis “j/s 

(C) 4 VSI m/s 

(D) m/s ( ) 

30. Two velocities include an angle 0 when their resultant is v. If the 
angle be-^ —0, the resultant isand if the angle be -^+0, 

then the resultant is Then the value of 0 will be 

(A) sin-^ ^ 

(B) cos-i 

(C) tan-" 
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31. A particle possesses simultaneously three velocities w, v and w making 
angles a, p and y with a given straight line. Then the resultant 
velocity is 

1 

(A) 4- H'®) ^ 

(B) \.U^ + V® + B>“ + HV cos (a - ^) + VIV cos (P — y) 

+ wu cos (a —y)] 

(C) « -f V -f w 

CD) [h® + v’ + 2 MV cos (« — ^) + 2 vw cos (P — y) 

+ 2 M’M cos (a. — y) ] ^ ( ) 

32. A point possesses simultaneously two velocities along perpendicular 
directions, the resultant velocity being 17 km/h. If each velocity is 
decreased by 3 km/h, then the resultant velocity becomes 13 km/h. 
The two velocities are 


(A) 

15 fcm/h and 10 km/h 


(B) 

15 km/h and 8 km/h 


CO 

10 km/h and 8 km/h 


(D) 

none of the above 

C ) 


33, At any instant a particle possesses two velocities of magnitude 3 
units and 4 units. The maximum possible resultant is 

(A) 1 unit 

(B) 5 units 

(C) 7 units 

(D) none of the above ( ) 

34. A particle has three velocities 1 m/s, 2 m/s and 3 m/s which are in 
directions parallel to the sides of an equilateral triangle, taken in 
order. Then the magnitude of the resultant of the velocities is 

(A) VP m/s 

(B) 2 m/s 

(C) Vis m/s 
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35. If the resultant of two equal velocities be equal m magnitude to 
one of the velocities, then the angle between the directions of the 
given velocities will he 


(A) 

tan“^ -i- 
2 


(B) 

tan“^ (—V3) 


(C) 

tan~^ (Vs) 


(D) 


( ) 


36 A particle possesses two velocities which are at right angles. If the 
angle between the velocities is gradually increased upto 180“, then 
the magnitude of the resultant velocity will 

(A) increase only 

(B) decrease only 

(C) remain unchanged 

(D) increase first and then decrease ( ) 

37. Two inextensible ropes are tied to a heavy object which is initially 
at rest on the ground. Holding the ends of the ropes tightly, two 
boys, A and B, are running perpendicularly with Velocities 1 m/s 
and v/S m/s respectively. Then the object will move 

(A) towards the boy A 

(B) towards the boy B 

(C) in a direction making an angle of 30° with the direction of the 
boy B 

(D) in a direction making an angle of 30“ with the direction of 

the boy A ( ) 

38. A particle possesses h simultaneous coplanar velocities of magnitudes 
' y-L, Vz, ■ . . Vn making angles Sj, fla, 0 b . . . 0n with a fixed line. The 
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n n 

(A) 2 S 

r=l r=l 


Vr sm Bi- =5^ 0 


n 

(B) 2 Vr COS Or = 0, 

r=l 


n 

^ Vr sm 0r = 0 
/■=! 


n 

(C) ^ Vr COS Or 

r=l 


n 

and ^ Vi sm Br act peipendicularly 
r=l 


n n 

(D) S Vr COS Qr^O, 2 Kr sm 01 = 0 
r=l r=l 


( ) 


39, If a moving point possesses velocities represented by X OA and 

03, they are equivalent to a velocity 

(A) (?u -F ft) OP, where P is on AB such that X AP ~ p PB 

(B) (X — p) OP, where P is on. AB such that X AP = p PB 

(C) {X H- p) OP, where P is on AB such that p AP = X PB 

(D) (X — tO OP, where P is on AB such that p AP = X PB ( ) 

40. Let PABC be a square. The resultant of velocities represented by 

PA, 2 PB, 2 CP is 
—^ 

(A) 3 BC 


( B) 3 P.i4 

(C) 3 AP 

(D) 3 ( ) 

41. A point has two velocities u and v inclined at such an angle that 
their resultant is equal to w ; if « is doubled, the new resultant is 
inclined with the velocity v at an angle of 

(A) 30° 

(B) 60“ 

(C) 90° 
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42. A road is running parallel to a rail way track and the distance 
between the road and the track is m. A man sitting in the train 
sees a horse running on. the road in the direction of a train. He 
observes that the horse is always in line with a tree which is 
situated on the side of the road opposite to the railway track at a 
distance of n from the road. Then the ratio of the velocity of the 
train to that of horse is 


(A) 

1 + - 
n 

(fl) 

\ + — 

m 

(C) 

1- 

n 

(D) 

1 — ~ 

m 


43, A man of height ^ m in front of a light post of height J/ m moves 
with a velocity of V m/s away from the light post, Then the 
velocity of the farthest end of the shadow of the man due to light 
on the light post is 


(A) 


H-h 


m/s 


(B) 

hv 

h~H 

m/s 

(C) 

h-H 

ni/s 

(D) 

h 

m/s 

H~h 


( ) 


44. A point has equal velocities in two given directions. If one of these 
Velocities being halved, the angle which the new resultant makes 
with the other is half the angle between the original resultant and 
this velocity. The angle between the original velocities is then 

(A) 60° 

(B) 90° 

(C) 120“ 

(D ) none of H’- — 
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45. A particle P has simultaneously three velocities represented by 

FA^ PB and wh.ere B, O, are three non-collinear points* If 
the-resultant velocity of P is zero, then P must be situated at 


(A) 

the circumceutre of AABC 


(B) 

the centroid of AABC 


(C) 

the in-centre of AABC 


(D) 

the othorcentre of AABC 

( ) 


46. If a moving point possesses simultaneously velocities represented m 
magnitude and direction by the two sides AB and BC of a triangle 
ABC, taken in order, they are equivalent to a velocity represented 
in magnitude and direction by 


(A) 

the median of the triangle through the vertex B 


(B) 

AC 

• 

(C) 

CA 


(D) 

none of the above 

( ) 


47. A particle is moving with constant velocity parallel to the y-axis 
and a velocity proportional to y parallel to the Jc-axis. The particle 
will describe 

(A) a straight line 

(B) a circle 

(C) a parabola 

(D) an ellipse 

48. At (x, y) in the jcy-plane, the components of velocities of a move- 
able particle parallel to jc and y axes are — k^y and — k^x 
respectively. If the particle starts from (a 0), then the locus of the 
particle will be 

(A) a straight line 

(B) a circle 

(C) a parabola 
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49. A man can row his boat with velocity u in still water. A river is 
flowing with velocity v. In order to reach a point on the other side 
of the river just opposite to the point of start, the man should row 
his boat in a direction making an angle with the upstream, given by 


(A) 

sin '■ 

(t) 

(B) 

cos“^ 

(t) 

CC) 

sim^ 

(-t) 

(D) 

COS"^ 

(-t) 


50. A man runs directly across a flowing river in time ii and rows an 
equal distance down the stream in lime is. If it be the speed of the 
man in still water and v, that of the stream, then the value of 

i( 


(A) 

(B) 


s/ 


u — V 

H + V 


M + V 
U — V 


(C) 


U - V 

U + V 


(D) 


1/ + V 
u — V 


( ) 


51. A boat takes m minutes to go 1 km down stream and n minutes to 
go 1 km upstream. The speed of the current and that of the boat 
are respectively 

(A) 30 

\n -r mj mn 

(B) 60 (il^) Wh 

(D) 3 0 km/h. km/h ' ' 
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52 A boat is rowed with a velocity of 4 km/h straight across a river 
flowing at 2 km/h. If the river is 600 m broad, the boat will be 
carried down the stream through a distance 

(A) 0 m 
CB) 300 m 

(C) 200 3/3 m 

(D) 400 m ( ) 

53 A boat capable of .moving in still water with a speed of 5 km/h 
crosses a river, 1 km broad, flowing with a valocity of 3 km/h. Then 
the time of crossing the river by the shortest route is 

(A) h 

(B) Xh 

(C) t h 

(D) Xl. ( ) 


54, A man wishes to swin across a nver in least time. If the velocity of 

flow of the river and the velocity with which the man can swim in 
still watci be etiual, the path which he would actually describe is a 
straight line inclined at an angle 

(A) 30“ to the direction of flow 

(B) '45° to the direction of flow 

(C) 30“ to the direction opposite to that of flow 

(D) 45“ to the direction opposite to that of flow ( ) 

55. A man rows directly across a river in time t and rows an equal 
distance down the stream m time T. The ratio of his speed in still 
water to that of the speed of the stream is 


(A) 

(JB) 

(C) 


t — T 

(+ r 

iM- r- 

Z: yV 


t A- T 
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56, Two straight railway lines meet at right angles. A train starts from 
the junction along one line, and at the same instant another train 
.starts towards the junction from a station on the other hne, whigh 
IS at a distance s from the junction and they move with the same 
uniform speed. Then the least distance between the trains during 
their journey is 


CA) 

(B) 


s 


2 

(V2 + l) s 
2 V 2 


(C) 


j 

V2 


(D) none of the above 


( ) 


57. A swimmer can swim 1 km along a stream in or h and he takes y h 
to swim the same distance against the stream. The velocity of the 
swimmer is 


(B) 


(C) 

(D) 


km/h 

2xy 
0 km/h 
2 , „ 


( ) 


58. A steamer can cross a river of width s m directly in < s m still water, 
but in flowing river the steamer takes r' s to cross the same river 
directly. The velocity of the river will be 

^A) s \/ i ^ m/s 

(B) ® V ■" 

(C) s y ^1- + ^ m/s 

(D) none of the above ^ ^ 
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1 (C) 2. (C) 3. CD) 4. CD) 5. CB) 6. CB) 7. 
11 CA) 12. CB) 13. CA) 14. CD) 15. (B) 16 CD) 
20 CC) 21 (D) 22. (B) 23. CC) 24. CC) 25, (D) 

29, CB) 30. CD) 31. (D) 32. (Q) 33. CC) 34. (A) 

38. (B) 39. CA) 40. CB) 41. CQ 42. CA) 43. CA) 

47, (C) 48. CD) 4£) CB) 50. CB) 51. (D) 52. CB) 

56. CC) 57, CB) 58. CB) 
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(B) 

8. CD) 9 

(C) 

10. 

CB) 

17. 

(C) 

18. 

(B) 

19. 

(C) 

26. 

CC) 

27. 

CA) 

28. 

(A) 

35, 

. (B) 

36. 

CB) 

37 

CC) 

44. 

CC) 

45. 

(B) 

46, 

(B) 

53 

(C) 

54. 

(B) 

55, 

.(B) 


II. Topic : Relative Velocity 

1. The relative velocity of a body A with respect to another body B is 
obtained by 

CA) compounding the actual velocities of A and B 

CB) compounding the actual velocity of A and that of B in 
opposite directions 

CC) compounding the actual velocity of B and that of A in 
opposite directions 

CD) none of the above methods ( ) 

2. Two points A and B are on a straight line. A is moving with 
uniform velocity along AB. The relative velocity of with respect to 
to B i.s 2 V. Then 

CA) B moves along AB with uniform velocity v 

CB) B moves along AB with uniform velocity 2 v 

CC) B moves along BA with uniform velocity v 

CD) B moves along BA with uniform velocity 3 v C ) 

3. Two persons begin to run along the circumference of a circle m the 
same direction from the same point with uniform speeds of 3 m/s 
and 5 m/s respectively. If the length of the circumference be 90 m, 
then they will again meet together after a time 

(A) 30 s 

(B) 18 s 

(C) 11.25 s 

fri'i 5 ( / 
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4, The hero of a stunt film jumps on the top of a moving train of 
length 200 m at its rear end and runs along the top towards the 
engine. If a person on the ground finds that the speed of the hero 
relative to the ground is 40 km/h and the speed of the train relative 
to the ground is 30 km/h, the time taken by the hero to reach the 
engine is 

CA) 18 s 
(B) 


(C) 72 s 

(D) f s 


( ) 


5. Two trains of length 140 m and 180 m respectively are observed to 
pass each other in opposite directions on parallel lines completely in 
8 s. If the velocity of the longer train be three times that of the 
other, then the velocity of the longer train is 


(A) 

10 m/s 

(B) 

30 m/s 

(C) 

20 m/s 

(D) 

60 m/s 


6, A particle A is moving with a velocity 3 m/s with respect to a 
particle B moving with 1 m/s in the same direction. Another particle 
C is moving in the direction opposite to B with velocity 2 m/s. The 
relative velocity of C with respect to A is 


(A) 

2 m/s 


(B) 

6 m/s 


(C) 

4 m/s 


CD) 

3 m/s 

( ) 

Two 

trains whose lengths are respectively 21 and 

3/ are moving in 


opposite directions with velocities v and 4 v 
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(A) 


l_ 

3v 



(C) 


i 

5v 


CD) 


5 /_ 

3v 


( ) 


8, A tram of length 60 in travelling at 40 km/h overtakes another of 
length 50 m travelling m the same direction at 30 km/h. The time 
taken by the first train to overtake the second is 


(A) 

9 

2 ^ 


(B) 

90 

5 


(C) 

108 


CD) 

198 

1“^ 

C ) 


9. A train ^ is moving with a speed of 40 km/h in a straight direction 
pointing towards east. Another train B is also moving due east on 
an adjoining parallel track with a speed of 60 km/h. A person 
sitting in A will observe that B moves with a speed of 

(A) 20 km/h due west 

(B) 20 km/h due eait 

(C) 100 km/h due west 

(D) 100 km/h due east ( ) 


10. Let Vab represent the relative velocity of A with respect to B If 
Vad and Vcb be given, then Vca is obtained by compounding 


CA) 

Vab and Vcb 

—»■ — 

(B) 

Vba and Vcb 

—>■ -> 

(C) 

Vab and Vbc 
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11. One caterpillar and an ant 5.tarl simultaneously from the same point 
and move along two straight lines, one with uniform velocity u and 
the other from rest with uniform accelerntion /. If a. be the angle 
between the two lines, then the least relative velocity is 


CA) 

w cos y 



(B) 

u sm 0 . 



CC) 

n tan 



CD) 

u sec 


( ) 


12, A boat X IS sailing with a uniform velocity u due north and another 
y with a uniform velocity v due west. If X were initially at a 
distance x west of y, then their shortest oistance will be 


(A3 


+ V “ 


(B) - JU- 

^/u' 4- v° 


(C) 


xuv 

Vu’‘ 4- v’ 


(D) none of the above 


( ) 


13. Two bodies are moving with different velocities m different 
directions. The relative velocity of one with respect to the other is 
maximum when the angle between the two is 


(A) 

0’ 


(B) 

o 

0 


(C) 

b 

00 


(D) 

none of the above 

( ) 


14. Two particles move with speed u and v (v>u) in the same direction 
along the circumference of a circle. Their relative velocity is least 
in magnitude when 

(A) they meet 

(B) they arc at diametrically opposite positions 

(C) the diameters through them are at right angles 
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15. Two particles move along the circumference of a circle m opposite 
dirrctions with velocities 2 m/s and 4 m/s respectively. Their 
relative velocity will be gieatest when the angle between the two 
velocities is 

(A) 0° 

(fl) 90' 

(C) 180" 

(D) none of the above ( ) 

16 A school boy holding an uinbiella runs with a velocity equal to that 
of the ram falling vertically. In order to protect him best, he should 
hold the umbrella at an angle a with the vertical, where a. is equal 
to 

(A1 0° 

(B) 90“ 

(C) 45” 

(D) none of the above ( ) 

17. A man is walking at a uniform velocity of 5 km/h and the rain¬ 
drops fall vertically with the same velocity. Then the rain drops 
will hit the man 

(A) on the forehead at an angle 

(B) on the head vertically 

(C) on the back at an angle 

(D) horizontally ( ) 

18. A ship Si is steaming due east at the rate of 12 km/h and another 
ship St due north at 16 km/h. An observer sitting in ship Si finds Sg 
moving at an angle 

(A) sin“^ (3/5) east of north 

(B) sin“^ (3/5) west of north 

(C) sin~^ (4/5) east of north 
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19. A boat -V is moving due east and another boat Y is moving due 
south. The person on boat A' will sec that the boat Y is moving due 

(A) south 

(B) south-west 
(C^ south-east 

(D) north ( ) 


20. Ram is falling vertically downwards with velocity of 60 m/s. But to 
a pel son in a running train, it appears to fall at an angle of 30° to 
the vertical. Then the velocity of the tram is 

(AJ 60 in/s 

(B) 60 V3 m/s 

(C) 20 V3 m/s 

(D) 30 V3 m/b ( ) 

21. Ram is falling with a velocity of 60 m/s at an angle 30° to the 
vertical. But to a car moving with a velocity «, it appears to fall 
vertically. Then u is equal to 

(A) 60 m/s 

(B) 30 m/s 

(C) 120 m/s 

(D) 20 V3 m/s ( ) 


22. A person travelling eastwards finds that the wind seems to blow 
directly from north ; on doubling his speed it seems to come from 
north-east. If he trebles his speed, the wind will appear to blow 
from a direction making an angle 

(A) tan"^ C'J J north 

(B) tan~^ 


(C) cot north 

(D) cor^ ^ ^ 


23. Three particles at A, B and C are moving along the sides AB^ BC 
and CA respectively of an equilateral triangle ABC with velocities 
each of magnitude K relative to a stationary observer. Then the 
magnitude of the velocities of the particles at A, B and C relative to 
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(A) 

u, 0 and -s/B u 


(B) 

'\/3 u, 0 and VS w 


(C) 

Vs u, 0 and ti 


(D) 

u, V3 n and 0 

( ) 

Two 

particles, A and B arc moving with velocities 

Va and Vs 


respectively and their directions are inclined -with each other. The 
tangent of the angle that the relative velocity of B with respect to A 
makes with the direction of Va is 


(A) 

(B) 

(C) 

(D) 


Va sin a. 


Vs — Va cos c4 

Vs sin g 
Va — Vs cos a 

Va sin a. _ 

Va + Vs cos a 

Vs sin a _ 

Vs cos a — Va 


( ) 


25. A man is standing at a distance of 10 m from a mirror. He is 
advancing to the mirror at a uniform speed of 2 m/s. His image 
formed in the mirror is also advancing with respect to the man with 


uniform speed of 

(A) 

2 m/s 

(B) 

4 m/s 

(C) 

5 m/s 

(D) 

0 m/s 


26 The relative velocity of A with respect to B is given by 
V = s /cos a , 

where a and b are dependent on the velocities of A and B and a is the 
angle between their directions of motion. If u, r be the actual velocities 
of A and B, then a and b must satisfy the relation 

(A) — v‘ = (fl^ — b'^y 

(B) fl" + = (m —V )“ 

(C3 — 6^ = (u“ — 
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ANSWERS 

1. fB) 2. (C) 3. (D) 4. (C) i. (B) 6, (B) 7. (0) 8. (D) 9. (B) 10. (B) 

II. (B) 12. (B) 13. (C) 14. CAJ 15. (C) 16. (C) 17. (A) 18. (B) 19. (B) 20. (C) 
21. (B) 22. (B) 23. (B) 24. (D) 25. (B) 26, (C). 


III. Topic ; Motion In a Straight Line irith Acceleration 

1. A Particle is moving along a straight line. It describes a distance x 
during time /, where * « 7 + 24 < — 2t“. Then the particle moves 
with a 

(A) uniform acceleration 

(B) uniform retardation 

(C) variable acceleration 

(D) uniform velocity ( ) 

2. A particle moves over 16 m, 40 m and 70 m respectively in the first, 
the second and the fourth seconds of its motion along a straight 
line. Then the particle is moving with a 

(A) uniform acceleration 

(B) uniform retardation 

(C) uniform velocity 

(D) non-uniform acceleration 

3. For a uniformly accelerated motiou of a particle in a straight line, 
the space described in successive seconds form 

(A) an A.P 

(B) a G.P, 

(C) a H.P. 

fP) none of these 
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4, At an instant, the relation between the Velocity of a particle and its 
distance from a fixed point is given by v = 10 -f Then the 
acceleration will be 


(A) 

10 times the velocity 


(B) 

15 times the velocity 


(C) 

limes the velocity 

15 

, '"I 

(D) 

none of these 

C ) 


5 The velocity p and the distance y from a fixed point of a particle 
moving on a straight line through the fixed point is given by the 
relation v” = A + By. Then the acceleration of the particle at that 
instant is 



(B) JS 

(C) 2 J3 

(D) indeterminate ( ) 

6. A particle moves in a straight line so that its distance' measured 
from a fixed point on the line at time ( is given by x = e^~6t ‘—15 e. 
The time interval during which its velocity is negative, but its 
acceleration is positive is given by 

(A) 2 < t < 5 

(B) 5 < / < 10 

(C) 0 < t < 2 

(D) none of the above ( ) 

7. A particle is moving according to the law = 2 (jc sin + cos jc), 
where x is the distance described. Its maximum acceleration is 

(A) equal to 1 

(B) less than 1 

(C) more than 1 
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8. If the distance x traversed by a particle along a straight line at any 
instant t is given by jc ^ cos nr 4- 5 sin nr, then the acceleration 
of the particle is 

(A) — A 

(B) — 

(C) n^A- 

(D) none of the above ( ) 

9. If a particle moves along a straight line so that its distance s at any 
time t from a fixed point in the line is given by = at^+2 bt+c, 
a, b, c being constants, then the acceleration vanes as 

(A) ^ 

(B) 

(C) i 

(D) none of the above ( ) 


10. If the law of motion of a body moving along a straight line is 
X = -^ vt, then the acceleration is 

(A) a constant 

(B) proportional to v 

(C) proportional to x® 

(D) none of the above ( ) 


11. The velocity of a particle moving in a straight line is given by 

, = yi^,^here c and p are constants and x is the 

displacement of the particle from a certain fixed point on the line of 
motion. The acceleration of the particle is given by 


(A) 




(B) 

(C) 


— ££^L 

2x“ 
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12. The velocity v m/s of a bullet is reduced to 0 when the bullet 
penetrates 3 m into a target. If it penetrates 1 m, the velocity 
becomes u nj/s. Therefore, u : v will be equal to 

(A) V2 : V3 

(B) 2 : V3 

(B) V2 : 1 

(D) none of the above ( ) 

13. A bullet hits a target 
directly and penetrates 
target in a total time of 

(A) ->-> 

(B) -L. 

(c) ^ s 



14. A bullet travelling with a uniform velocity penetrates a wooden 
block of widhth 100 cm. After crossing the wooden block, it again 
continues to move with some other uniform velocity. Let fi s and ti s 
be respectively the tunes taken by the bullet to cross the wooden 
block and a distance of 100 cm in air after crossing the block. Then 

is 

tz 

(A) equal to 1 

(B) less than 1 
CC) more than 1 

(D) not possible to work out with present data ( ) 

2 

15. A bullet fired into a plank loses -;^th of its velocity after penetrating 

the plank. It then moves with the same velocity and strikes a 
similar second plank which it just passes through. Then the ratio 
of the thicknesses of the planfcs is 


of width 20 m with a velocity of 70 m/s 

10 m in -^s It will come just out of the 
6 
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(A) 24 ; 49 

(B) 25 ; 49 

(C) 24 : 25 

(D) 4 ; 49 ( ) 


16. A body moving along a straight line has a velocity of 15 m/s at a 
certain moment. Zts velocity is 45 m/s after lOs. If the velocity 
changes uniformly, then the space described by the body in 10 s is 

(A) 150 m 

(B) 225 m 

(C) 300 m 


(D) 375 m ( ) 

17. A particle is moving along a straight line with a uniform acceleration 
and j m is the space described by the particle in time t s and 
s' m during the next i' s. Then the acceleration of the particle 
will be 


(A) 



t+t' 


(B) 

(C) 



t — 


Ut + t) 

T+T 


(D) none of the above 


( ) 


18. A particle moving with a uniform retardation in a straight line 
passes through A, B, C, where AB = BC = d, taking twice as long 
to pass from 5 to C as from A to B- Then the ratio of the speeds 
of the particle At A, B, C is 

(A) 7:5:1 


(B) 5:7:1 

(C) 5:1:7 

(D) 1:7:5 
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19. Ifsandj' are the spaces traversed by a point moving with a 
uniform acceleration in a straight line m times t and t' respectively 
> 0 > leckoned from the same instant, then the acceleration of 
the point is 


CA) 


2(j'< — St" ) 
u' it’ - t) 


(B) 


s't — St' 

tt'Jt’ — 0 


lis t -h St') 

W if - t) 


(D) 


2is't — sf) 
tf if + t) 


( ) 


20, A particle moves along a straight line, starting with a velocity u and 
an acceleration /. Wlicn the velocity has increased to 5 u, the 
acceleration is reversed in direction, its magnitude being unalterd. 
The magnitude of the velocity of the particle when it has returned 
to its starting point is 

(A) u 

(B) 5 11 

(C) 111 

in) 9 u ( ) 


21, A point moves in a straight line from A to B with a uniform 
acceleration. If P be the position at half time and u and v, the initial 
and final velocities respectively, then AP : PB is equal to 


(A) 


n -f- V 
ar — M 


(B) 


3ii -h V 
M -f 3v 


3(i + V 

5v ~ u 


(C) 
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22. A particle starting with a velocity u moves in a straight line with 
uniform acceleration/. If it travels a distance s in time t and acquires 
a velocity v in that time, then s can not be equal to 

(A) -—(k “f v) t 

(B) 



(D) uH-1 7(2/ - 1) ^ ^ 

2 3, A particle starts with initial velocity u m/s to move in a straight line 

and passes over the of a given distance with uniform acceleration 

/i m/s® and over the first half of the rest with uniform acceleration 
/s m/s® and finally over the rest with uniform acceleration/» m/s“. 
The final velocity is the same as if the whole distance were traversed 
with uniform acceleration/m/s®. Then/is equal to 

(A3 /i +/a+/i, 

(B) -j-(A+/.+/,) 

(C) (/,+/!+/,) 

(D) 3(/i+/s +/3) ( ) 

24. A particle starts moving from the position of rest under constant 
acceleration. It travels a distance x m the first two seconds and a 
distance y in the next two seconds. Then 


(A) y = X 

(B) y = 2x 

(C) y = 3x 
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25. A particle is moving with constant acceleration. Its initial velocity 
is u and final velocity is v. If v be its velocity at half time and v" be 
its velocity at half way, then v'®—v'“ is equal to 

(A) ~ (m — v)® 

(B) 0 

(c) -jl- (u- vy 
4 

(D) none of the above ( ) 


26. Two horses, Jack and Henry, move along a straight track AB. 
Starting from A, Jack moves with velocity w and acceleration / and 
Henry with velocity u' and acceleration/'. If they both have the 
same velocity at the middle point of AB, then AB is equal to 


(A) 

(B) 

(C) 

(D) 


f-r 

- v'* 
/+/' 
i/'“ — IC* 

f-f 

v'° - u'® 
/ -I- /' 


() 


27 A body moves for three seconds with a constant acceleration and 
describes a distance of 81 in. The acceleration then ceases to exist 
and during the next three seconds, it describes a distance of 72 m. 
The initial velocity and the acceleration of the body are respectively 

(A1 30 m/s and 2 m/s® 

(B) 30 m/s and — 2 m/s® 

(C) 45 m/s and 2 m/s® 

(D) 35 m/s and — 2 m/s“ 

28, A body starting from rest and moving with uniform acceleration 
describes a distance of 245,1 m in 10th second. The acceleration of 
the body is 

(A) 4.9 m/s® 

(B) 25 8 m/s® 

(C) 25.5 m/s® 
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29, A train travels a distance j starting from rest and finishing its 
journey at rest. The velocity increases uniformly till it reaches a 
maximum value v and then decreases uniformly. Tlte total time of 
motion is 


(A) 




V 


(B) 

s 

2v 


(C) 

h 



V 


(D) 

none of the above 

() 


30. Two cars A and B are at a distance of 80 m from each other. B 
starts with a velocity u and an acceleration /moving away from A. 
It Will be possible for A to overtake B moving with the same 
acceleration/ in 8 s if starts moving with initial velocity greater 


than 

that of B by 

(A) 

8 m/s 

(B) 

10 m/s 

(C) 

4 m/s 

(D) 

80 m/s 


31. A particle starting with a initial velocity and a uniform acceleration 
covers a distance of v m in r th second and a distance of y m m 
(r-fn) th second. Its acceleration will be 


(A) ^- m/s* 

n 

(B) m/s“ 
n 

(C) i±^m/s= 

n 

(D) — — ^ ^ m/s^ 



SOME multiple-choice ODIECTIVB TYPE QUESTIONS 251 

32, The average velocity of a particle moving along a straight line with 
a uniform acceleration during any interval of time is not equal to 

(A) the velocity at the middle of the interval 

(B) the mean of the initial and final velocities 

(C) the quotient of space hy time 

(D) the velocity attained if the particle moves with twice the given 

acceleration ( ) 

33. If the time-displacement graph of a particle is parallel to the time 
axis, then the particle has 


(A) 

a uniform velocity 


(B) 

a uniform acceleration 


(C) 

a uniform retardation 


(D) 

a zero velocity 

( ) 


34. The space-time curve for a uniformly accelerated motion of a 
particle lu a straight line is a part of a 


(A) 

straight line 


(B) 

parabola 


(C) 

ellipse 


(D) 

none of the above 

( ) 


35, Three accelerations are represented in magnitude and direction by 
the sides of a right-angled triangle of sides 3 units, 4 units and 
5 units, taken in order. Then the magnitude of their resultant is 


(A) 

5 units 

(B) 

~ units 

7 

(C) 

—^ units 
12 
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36, Three accelerations which arc represented in magnitude and 
direction by the sides of a triangle ABC, taken in order, where 
CA < AB <■ BC, are impressed on a particle at O. Then the 
particle will be moving with a unifoim 

(A) acceleration parallel to AC 

(B) acceleration parallel to AB 

(C) acceleration parallel to BC 

(D) velocity ( ) 


37. Two particles move from the same point along the same line, one 
with a uniform velocity of u m/s and the other with a uniform 
acceleration of/m/s“ and no initial velocity. If the iirst particle is 
J? m behind the second particle, then the particles will never meet 
when 

(A) < V 17^ 

(B) > v'lfx 

(C) > 2fx 

(D) <lfx ( ) 


38. A tortoise and a hare start simultaneously from the same point and 
move along two straight lines, one with uniform velocity u and the 
other from rest with uniform acceleration/. If “ be the angle between 
the lines, then their relative velocity is least after a time 


(A) 


u sin g 

/ 


(B) 


u sec K 

f 


(C) 


u cosec oL 

/ 


u cos a 


( \ 


(D) 
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ANSWERS 

1. (B) 2. CD) 3. (A) 4. (C) 5. (A) 6. (A) 7. (C) 8. (D) 9. (C) 

10. (A) 11. CA) 12. (A) 13 (B) 14. (B) 15. (C) 16. (C) 17. (A) 

18. (A) 19. (A) 20. (C) 21. (B) 22. (D) 23. (C) 24. (C) 25. (C) 

26. (C) 27. CB) 28. (B) 29. (C) 30. (B) 31. (A) 32. (D) 33. (D) 

34. (B) 35. (D) 36. (A) 37. (D) 38. (D) 


IV. Topic ; Moiion in a Straight line under Gravity 

1. The magnitude of the acceleration of a stone thrown upwards is 

(A) always greater than that of a stone thrown downwards 

(B) always the same as that of a stone thrown downwards 

(C) always smaller than that of a stone thrown downwards 

(D) sometimes greater and sometimes smaller than that of a stone 

thrown downwards C ) 

2. A particle is projected vertically upwards with a velocity M. It will 
return to the point of projection with a velocity equal to 

(A) 2 ti 

(B) u 



(D) none of the above ( ) 

3. A body is projected vertically upwards with a given velocity u and /i 
IS the time taken by the particle to move from a point on the path 
to the greatest height and ti is the time taken by the particle to 
move from the greatest height back to the same point. Then 


(A) = 2 la 

(B) 2 /I = /a 

(C) = /a 



254 


ELEMENTARY DYNAMIC 


4. A particle is projected vertically upwards and takes 50 s to reach 
the top. It will return to the point of prejection after a total 
time of 

(A) 100 s 

(fl) 150 s 

(C) 200 s 

(D) 50 s ( ) 

5. Two objects of the same mass but of dilTerent radii and densities 
are thrown vertically upwards in air at two different places 
Calcutta and Paris at the same time with the same velocity. Then 
their times of flight will be different, because their 

(A) densities are different 

(B) radii are different 

(C) shapes arc different 

(D) weights are different ( ) 

6. A body is released from the surface of the earth into a well with an 
initial velocity of 10 m/s, It reaches the bottom of the well in 10 s, 
Then the depth of the well is 

(A) 490 m 

(B) 590 m 

(C) — 390 m 

(D) none of the above ( ) 

7. A ball was thrown upwards and was caught exactly after 20 s. The 
maximum height it has reached is 

CA) 49 m 

(B) 490 m 

(C) 980 m 
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j. Two bodies are projected vertically upwards with velocities ii and v 
respectively. If the maximum heights attained by them are in the 
ratio 25 ; 36, then u : v will be 


(A) 

6 ; 5 


(B) 

36 ; 25 


CC) 

5 : 6 


(D) 

none of the above 

( ) 


9. A particle is projected vertically upwards with a given velocity ti 
Its velocity at a height — , where h is the greatest height attained by 
the particle, i s 



(C) V2u 

CD) 2 « f ) 


10. A body is falling ftecly and the acceleration due to gravity is taken 
as 10 tii/s“. The distances described by the body in the first and the 
last seconds arc in the ratio of 1 . 15. The velocity with which it 
strikes the ground is 

(A) 20 m/s 

(B) 80 m/s 

(C) 320 m/s 

(D) indeterminate ^ ^ 

11. A particle is projected vertically upwards with a velocity of 30 m/s 
from the ground. If g = 10 m/s*. it will remain above 40 m for 

(A) 4 s 

(B) 1 s 

CO 2 s 
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12. A particle is thrown vertically upwards with a velecity which is 
sufficient to raise it to a height of 4.9 in. The velocity of the par¬ 
ticle when it just reaches the ground is 

(A) 9,8 m/s 

(B) 0 m/s 

(C) 4.9 m/s 

(D) indeterminate from the given data ( ) 


13. A body is projected vertically upwards with a velocity w m/s It 
passes through a point in its path with a velocity v m/s. It will 
again pass through the same point after 


(A) 

(B) 

(C) 

(D) 


2v 

g 

2 u 

g 

V- 

2g ‘ 

Ji!- 

2g 


14, A particle is dropped fiom a height of 60 m. After falling two- 
thirds of this height, it passes thiough a particle thrown upwards 
from the ground at the instant the first was dropped. Then the 
velocity of projection of the second particle is 


(A) 

7 m/s 


(B) 

a/ 784 m/s 


(C) 

21 m/s 


(D) 

VI 176 m/s 

( ) 


15. A particle is dropped from a height h After falling through—^ h, it 

meets with a particle thrown vertically upwards from the ground at 
the instant when the first is dropped. The latter rises to a maximum 
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(A) -I I, 

®) -8 

(C) I h 

(D) /, ( ) 

16. A particle is projected vertically upwaidswith a velocity of u rn/s 
and after t s, another particle is projected upwards from the same 
point and with the same velocity. The first particle will meet with 
the .second after a total lime of 

j 

(B) (-j -I- “.)s 

(C) (JL - i.) , 

(W (' + V ’ ( ) 


17. A stone falling front rest from the top of a vertical tower has 
descended a m when another is let fall from rest fiom a point x m 
below the top. If they reach the ground together, then the height of 
the tower is 

(A) (-“+-)! m 

4a 

(B) xn 

(C) m 
4a 
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18. A body is dioppcd from Ihc lop of a towor of height h m and at the 
vSame instant another body is projected from the loot of the tower iu 
the same vertical line with a velocity winch is s-oHlciciiL to take the 
body to the top of the towei. They meet after 

(A) —s at a distance of m from the top 

V2sh 

(B) —s at a distance of from the top 

^2gh 2 

r L 

(C) —==:. s at a distance of m from (he ground 

■V2gh 4 


(D) 


-4~ s at a distance of m fiom the top 

4 V2gh 


( ) 


19 A body is let fall, It describes a certain distance and this distance 
is divided into n etiual pans. The ratio ol the time of describing 
the first part to that of describing the last is 

(A) 1 : Wn — Vn ~ 1) 

(B) 1 : (V” + V« -■ 1) 

(C) 1 . (-s/nd i — Vn) 

(D) 1 : (.Vn + 1 + Vn) ^ 

20. If a particle falls freely under gcravily from rest, then the ratio of 
its velocity at half time to its velocity half-way is 

(A) 1:1 

(B) V2 : 1 

(C) 1 : V2 

(D) none of the above ^ ^ 

21. If ffi and H 2 are the heights to which a body can be projected with 
a given initial velocity at two places on the earth’s surface, then the 
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(A) VHi ; VH^ 

(B) VHa : VHi 

(C) Hi . Hu 

(D) Ha : Hi ( ) 

22. If two bodies are thrown vcrlicaliy upwards with initiaJ velocities m 
the ratio of 2 ; 5, then the rnaximum heights attained by them will 
be in the ratio of 

(A) 2 : 5 

(B) 5.-2 

(C) 4 : 25 

(D) V2 : V5 ( ) 

63 A particle takes t seconds less and acquires a velocity of s m/s more 
at one place where the acceleration due to gravity is gi than at 
another place where the acceleration due to gravity is ga m falling 
from re.sl through the same distance, The gravities gi and g 2 at the 
two places are related by 

(A) giH-g2= ^2- 

(B) gl —g2= ^ 

(C) giga=^ yr 

®> S- = 7^ ( ) 

24. If a particle takes i s less and acquires a Velocity v m/s more at one 
place where the acceleration due to gravity is gi than at another 
place where the same is gz, in falling freely through the same 
distance, then the ratio v : r is equal to 

(A) \/gx ga : 1 

(B) g2 ; gi 

rn'l cr, r 1 
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25. A particle is projected vertically upwards. If h and I; be the times 
at winch it pas.se.s through a height /i above the point of projection 
during the ascent and descent re.specfivciy, then ft tn is equal to 


(A) 

/j 

g 

fB) 

h 

2g 

(C) 

2/' 

B 

CD) 

2g 

h 


26. A particle is projected vertically upwaids with a velocity n in/s. If 
ti, h arc the times at which it passes a point at a height li above the 
point of prejcction in ascending and descending respectively, then 
the height h and the initial velocity u will respectively be 


(A) 

m and 

_2 

g 

Oi 1 ti) m/s 

CB) 

Cfi + fa) 111 

g 

and 

(ilttg ml 

(C) 

“y h tig m and 

y (ti'hfa) ni/s 

(D) 

-y (ti + ta) m 

and 

yi ihg m/s 


27. A particle thrown vertically upwards takes a time t to lise to a 
height h and a further time t' to reach the ground again. Then h is 
equal to 

(A) g Cf + t') 

(B) git' 

(C) y gtt' 
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28, A body is dropped from rest at a height of m above the ground. 
When It IS just at a height of x m above the ground, the velocity of 
the body will will be 

(A) Vr/ — 2 gx 

,1) V a" -I 2 gx 

fC) Vigx 

(D) none of the above ( ) 

29. From the roof of a building h m high, a stone is let fall and it 
strikes the ground in 2 s, If the velocity of the stone on reaching 
the ground i.s v m/s, then !i is equal to 

(A) 2 v m 

(B) ■— m 

(C) 19 6 m 

C D) —vg m 


30. Two particle,s arc dropped from certain height at an interval of 1 s. 
After r s of diopping the first particle, the two particles will be at a 

distance of 

(A) Y g (e — 1) npart 

(B) ~ 1 )apart 


(C) g (t — 1) apart 

(D) g(2t-1-1) apart 


From three position.^ A, B, C on the same vertical line, three 
nirticles are respectively let fall from A, projected with vel^ocity n 

thrown vo.t.oally downwhtd. w.th 

—irorrUwr t, Ro that they reach the ground at the same time. i, 
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(A) /U > hi> fh 

(B) /is > /l. > /(, 

(C) hi > hi > //a 

(D) hh > /ti /la ( ) 

32, A particle is ptojeeied vertically upwards with a velocity w. After 
i s the particle acquires a velocity v at a height h and t' is the sub¬ 
sequent tune to reach the ground. Then h is not equal to 

(A) (ir — y 

(B) vt'+^~gf^ 

(C) -vt'4- 

(D) 2 ( ) 

33, A body is dropped fom a height fi above the ground from an 
aeroplane moving horizontally with a velocity w and / is the time 
taken by the aeroplane to reach the ground. Then the velocity of 
the aeroplane on reaching the ground is given by 

(A) u + gt 

(B) u — gt 

(C) vziA 

(D) none of the above ( ) 

34, A particle falls freely from the top of a tower, If during the last 
second of its motion, it falls |-th of the whole height, then the 
height of the tower is equal to 

(A) 1.764 m 

(B) 44.1 m 

(C) 24.5 m 
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35 , Fiom a balloon at a height of 24.5 m above the ground, a stone is 
dropped. IF the balloon be ascending with a uniform velocity of 
24 5 m/s, the time taken by the stone to reach the ground can be 
obtained from the equation 

(A) — 5 t H- 5 = 0 

(B) - 5 f ~ 5 = 0 

(C) + 5 / ~ 5 = 0 

(D) /“ + 5 / I 5 = 0 ( ) 

36. .dB is the vertical diameter of a circle whose plane is vertical, and 
PQ, a diameter is inclined at an angle 9 to AB. If the time of sliding 
down PQ be twice that of sliding down AB, then the value of 0 is 

(A) sin ^ ~ 

(U) cos"^ ~ 

(C) -sin-^ 

(D) cos-^ ^ ^ 

37, Two smooth wires are tied on a vertical circle with their one end at 
the highest point of the circle and the other ends are tied on other 
points (if the circle. If the length of one wire is twice that of the 
other, then the ratio of times of desend of a body along these 
wires is 

(A) 1:1 

(B) 1 ; 2 

(C) 2 t 1 

(D) indeterminate ^ ^ 

38. The time taken by a particle falling freely along any chord which 
makes an angle 0 m radian with the vertical diameter of a verti- 
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(A) directly proportional to H 

(B) inversely proportional to A 

(C) inversely proportional to v'l* 

(D) independent of the angle ii ( ) 

39. Four points P. f?, arc on a vertical circle, taken in the anti- 
clockwise Older, F and R being on the highest and lowest positions 
of the circle lespectively. Two particles start Ii om rest from P and 
move along tlie smooth chords RQ and PS re.spectivcly. As soon as 
the particles reach the positions Q and S, a third and a fourth 
particles .start from rest from Q and .S' respectively along the smooth 
cJiords !2R and SR. If the third and the fourth particles' reach R at 
the same lime, then 

(A) PQ < PS 

(B) PS < PQ 

(C) forms a square 

(D) none of the above conditioiKS i) always necessary ( ) 

40. If from the same height/i, two particles be allowed to slide down 
different inclinations a and 2 a respectively and Vj, va be their 
velocities on reaching the ground, then 

(A) Vi = 2 V2 

(B) Vs = 2 Vi 

(C) Vi = Vs 

(D) Vi = 2 Vs cos a ( ) 

41. A body sliding on a smooth inclined plane requires 4 s to reach the 
bottom, starting from rest at the top. The time taken by it to cover 
one-fourth of the distance starting from rest at the top is 

(A) 1 s 

(B) 2 s 

(C) 4 s 
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42. Let ti be Uie time taken by a body to fall down a smooth inclined 
plane of inclination 45° to the horizon and h be the time of falling 
of the body down the vertical height of the plane Then 


(A) 

ta = 

ti ''/2 

(B) 

ti =- 

1*2 V2 

Cc) 

ft = 

til 

(D) 

none 

of the above is true 


43. A body is allowed to slide dovn a smooth inclined plane of 
inclination k to the horizon from rest. If the initial velocity of 
projection is ■%/5 m/s, the height of the plane is 1 m and the 
acceleration due to gravity is 10 m/s®, then the velocity on reaching 
the ground is 

(A) \/5 4 - 20 sin a. m/s 

(B) 5 sin a. in/s 


(C) SVsin a in/s 

(Dj 5 m/s ( ) 

44. A body is allowed to slide down a smooth inclined plane of 
inclination ^ to the horizontal plane from a vertical height h and 
another falls vertically downwards from rest from the same height. 
If Vi and vz are the velocities of the respective bodies on reaching 
the ground, then 


(A) 

Vi = V2 sin a 


(B) 

Va = Vi sin a 


(C) 

Vi = Va 


(D) 

none of the above is true 

C ) 


45. A body sliding down a smooth inclined plane is observed to pass 
’ ’ ’ - 1 . ^ in rnnsecutive intervals, ii 
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(A) 

co.s"'" 

Co - fsVl 
SgtitAti ■' /s)J 

(B) 

tan"*^ 1 
1 

Id Cti -- t£) 1 

(C) 

sin'^ 

r Id (h ~ h) 1 

LgOfa (ti + f3)J 

(D) 

scc"’^ 

r zdci, ~ h) 1 

Lgiio (<i •+■ <i)J 


46, A block is released from rest at the top of a frictionless inclined 
plane 16 m long. It reaches the bottom 4 s later. A second block is 
projected up the plane from the bottom at the instant the first block 
is released in such a way that the second block returns to the 
bottom simultancou.sly with the first block. Then tiie initial velocity 
of the second block is 


(A) 

2 m/s 


(B) 

8 m/s 


(C) 

4 m/s 


(D) 

none of the above 

( ) 


47. A ball was moving down, a smooth inclined plane of inclination 30° 
starting from rest from the top of the plane. After it had moved 
for 2 s, the inclination of the plane is changed to 90°. The bail 
struck the ground in a total time of 4 s. If g = 10 m/s‘, then the 
length of the plane is 


(A) 

80 m 


(B) 

50 m 


(C) 

40 m 


(D) 

none of the above 

( ) 


18. A man on a lift ascending with acceleration/m/s“ throws a ball 
vertically upwards with velocity v relative to the lift and catches it 
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(A) g — / = 

(B) /-g = f^ 

(C) /+ g = ~ 

(D) -(/+g)=y ( ) 

49. Consider a car moving with a constant scceleiation ax along a 
straight horizontal path. Consider a ball of mass jm inside the car, 
the ball being acted upon by the pull of gravity only Then the 

acceleration experienced by the ball relative to the car is iax^ + g“)^ 
acting 

(A) upwards at an angle 0=tan“‘^ with the vertical 

(B) upwards at an angle 6==tan~^ — with the vertical 

(C) downwards at an angle 0=tan“^ — with the vertical 

^ ax 

(D) downwards at an angle 0=tan‘^^ With the vertical ( ) 

50. It is estimated that g is increased by the resistance of the air to 
g Cl + /) 111 upwaid motion and reduced tog (1 —/) m downward 
motion. The time a stone is in the air when projected upwards with 
velocity u is 

7(rT7'^T^) 

(D) 
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51. A body is tlircAvn up in a Jifi villi a velocily u rclaiive to the lift 
and the time of fiipht is found to be /. IF the lift is moving up with 
an acceleration /, then the value of/is 


(A) 

u + 

/ 

LS 


tB) 

2ii - 

t 

- ig^ 


(C) 

2 II 1 

t 

-J.« 


CD) 

none of the above 

( ) 


ANSWERS 


1. 

(B) 2. (B) 3. (C) 4. (A) 5. 

(D) 6. 

(B) 

7. (B) 

8. CC) 

9. 

CB) 

10. (B) 

11 (C) 

12. (A) 

13. (A) 

14. (C) 

15. 

CA) 

16. 

(B) 

17. 

CA) 

18. (A) 

19. (A) 

20. (C) 

21. (D) 

22, (C) 

23. 

CC) 

24. 

CA) 

25 

CC) 

26. (C) 

27. (C) 

28. (A) 

29. (C) 

30. (B) 

31. 

(D) 

32. 

CB) 

33. 

CC) 

34. (B) 

35. (B) 

36, (B) 

37. (A) 

38. (D) 

39. 

(D) 

40 

. CC) 

41. 

CB) 

42. (B) 

43. (D) 

44, (C) 

45. (C) 

46. (C) 

47 

. fB) 

48 

. CC) 

49. 

CD) 

50. (C) 

51. (B) 











V. Topic : Laws of Motion 


1. A particle of mass m acied upon by a forcein a given direction 
measured from a fixed origin undergoes a displacement x at time t. 
The velocity at that instant is v. The expression which will not give 
the force is 


(A) 


m 


dt 


(B) mv 


dv 

dx 


(C) 


(D) mv ~ 
dt 
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2, 1 Newton is the magnitude of a force that produces an aceeleration 
/ upon a body of man m where 

(A) m = 1 gm and / = 1 cm/s* 

(B) m = \ ton and / == 1 km/s“ 

(C) m = 1 kg and / = 1 cm/s® 

(.D) none of the above statements is true ( ) 

3. Newton’s second law of motion cannot be always expressed as 

(A) P=m ~ 

at 

(B) P=m^^ 

ax 

(C) P=ms 
CD) P=mf^~ 

4. The action and reaction forces referred to in Newton’s third law of 
motion 

(A) act upon the same body 

(B) act upon different bodies 

(C) reed not be equal in magnitude but must have the same line 
of action 

(D) must be equal in magnitude but need not have the same line 

of action ^ ^ 

5, The pressure of a body on a horizontal plane cannot be equal to the 
weight of the body when the plane is 

(A) at rest 

(B) ascending wi(h a uniform velocity 

(C) descending with a uniform velocity 
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6. A man was gliding in a balloon. To find the motion of the balloon 
he su.spcndcd a 5 kg weight from a spring balance and to his 
surprise the balance reads 5.5 kg. So his correct conclusion was that 
the balloon was 

(A) ascending with an acceleration 
(fl) descending with an acceleration 

(C) gliding liorizonially 

(D) falling under gravity ( ) 

7. A lift is going up with an acceleration. A man in the lift throws a 
a ball above and catches it back after ( s. During this time the 
displacement of the ball will be 

(A) 0 

(D) greater than the di.splaccment of the lift 
(C) less than the displacement of the lift 

(D1 equal to the displacement of the lift ( ) 

8. A man is standing at the centre of a smooth and horizontal table. 
He can come out of the table by 

(A) running 

(B) rolling 

(C) throwing something forward from his hand 

(D) none of the above methods ( ) 

9. A man stands in a lift by taking a spring balance from which a mass 
of 2 kg is suspended. Now there will be no change in reading in 
the balance if he is 

(A) ascending with an acceleration of .5 m/s’ 

(B) descending with an acceleration of .5 m/s’ 

(C) ascending with a retardation of .5 m/s’ 
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10. Aman weighing m kg IS ascending m a lift with an acceleration of 

a m/s . If the chain ot the lift breaks during ascent, the thrust of 
the feet on the lift will be 

(A) m (g + a) N 

(B) w (g — a) N 

(C) 0 N 

(D) none of the above ( ) 

11 . The pressure exerted by a man on the floor of a lift 13 zero if the 

lift IS 

(A) at rest 

(B) moving downwards with an acceleration g 

(C) moving upwards with a variable acceleration/ 

(D) moving with a uniform velocity ( ) 

12. Consider a particle of mass m inside a freely falling elevator, the 
particle being acted upon by a force of magnitude F An observer 
inside the elevator detects that the acceleration of the particle is of 
magnitude 



(C) g 

(D) zero ( ) 

13. With usual notations, the relation between a force acting on a mass 
m producing an acceleration/ is given by P = mf It is incorrect to 
say that 

(A) the relation holds good only when the acceleration due to 
gravity is assumed to be constant 

(B) the relation holds good at any point on the earth’s surface 

(C) the relation holds good outside the surface of the earth 
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14. The pressure of a body re.stjiiir on a Jion/onia] plane which is 
moving with a uniform velocity will be 

(A) increased when moving upwards 

(B) increased when moving downwards 

(C) decreased when moving downwards 

(D) the same when moving upwards or downwards as that when 

it is at rest ( ) 

15, A tliief of mass nn jump.s off the terrace of a building when a heavy 
suitcase of mass mz on Jii.s head and falls vertically. Then the 
pressure of the suitcase on his head while he is failing is 

CA) (wi + nij) g 

(B) (nia — Dll) g 

(C) 0 

(D) none of the above ( J 


16, A body of mass w is placed on a horizontal plane and the plane is 
rLsing vertically upwards with an acceleration/, Then the pressure 
7? in the plane is given by 

(A) R — /n(g + f) 

(B) R = m (g —/) 

(C) R = mf 

(D) R— mg ( ) 


17. A man with a load of 10 kg in his hand is standing on the floor of a 
lift, If the lifi descends with an acceleration oi 1 m/s“, then the 
pressure of the load on his hand will be 

(A) Oleg 

(B) 10 kg 

(C) greater than 10 kg 
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18, A man carrying a heavy load with his hand is descending in a lift 
with a uniform retardation which is numerically less than g. Then 
he will feel that the load is 

(A) heavier 

(B) lighter but not weightless 

(C) of the same weight as that when the lift was gr rest 

(D) weightless ( ) 

19, A man carrying a heavy load m his hand is descending m a lift with 
a uniform acceleration which is mimencally less than g Then he 
will feel that the load is 

(A) heavier 

(B) lighter b%t not weightless 

(C) of the same weight as that when the lift was at rest 

(D) weightless ( ) 

20, A man is standing on a platform which is descending with a uniform 
acccleiation/. He will fly in space if 

(A) g > / 

(B) g </ 

(C) g=/ 

(D) f IS not related to g ( ) 

21 A force of 10 N is applied to a 4 kg block that is at rest on a 
perfectly smooth level surface. In 6 s, the body will move through a 
distance of 

(A) 2,5 km 

(B) 45 km 

(C) 45 m 
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22. A lift with a man dcscend^ with an acciilcration The man appear 
lighter by 

(A) (/ — s) of his actual Weight 

(B) (f-h- g) of hi.s actual weight 

(C) of his actual weight 
S 

(D) /g of his actual weight ( ) 

23. A book is placed upon another book and then the lower book is 
dropped from a height A above the ground. During the time of 
falling, the upper book exerts a, force on the lower book which 
will be 

(A) zero 

(B) equal to the actual weight of the upper book 

(C) less than the actual weight of the upper book 

(D) greater than the actual weight of the upper book ( ) 

24. A piece of stone of mass m rests at a height h above tlic surface of 
the ground. It then falls and peDClralc.'; info the ground. If it 
comes to rest after penetrating a distance a into (he ground, then 
the average resistance of iJie ground is 

(A) 

a 

(fl) m j g 

(C) )ir 

(D) none of the above ( ) 

25. A force of 5 N when acted on masses mx and /ns successively 
produces accelerations of 8 m/s^ and 24 m/s^ respectively. The two 
masses arc now fastened tOEStlipr (.i^q same force is applied. The 
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CA) greater than 24 

(B) greater than 8 but less than 24 

(C) 5 

CD) 6 ( ) 

26. A body acted upon by a uniform force moves through 1 m m 10 s 
from rest. The ratio o( the force to the weight of the body is 

CA) 10 : 49 

(B) 1 ; 49000 

(C) 1 . 490 

(D) none of the above ( ) 

27. Two equal forces are acting on two different masses M kg and w kg 

separately and produce velocities F m/s and v m/s respectively in a 
certain interval of time. Then the masses Af and m of the bodies 
are in the ratio 

(A) 1 . 1 

(B) !■ : r 

(C) F : V 

(D) 2 F: V ( ) 

28 A thin glass plate can just support a weight of 3 kg. A body is 
placed on it and the plate is raised with the body on it with a 
gradually increasing acceleration. It is found that the plate just 
breaks when Ihe acceleration is 5 m/s^. If the acceleration due to 
gravity is 10 in/s^, then the mass of the body is 

CA) 3 kg 

CB) greater than 3 kg 

CC) j- kg 
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A htidy wlio'iu' true weight i.s 14 kg appeared tn weigh 13 kg when 
weighed by mcnti.s of a .spring balance in a lift moving downwards. 
The acceleration of the lift at tlic time ol'weighing is 

(A) .7 ni/s" 

(B) 1.4 m/s” 

(C) — .7 m/s^ 

(O) “■ 1.4 m.'s* ( ) 

30. A body of mass kg moves in a straight line so ihat its distance 

from the origin at the end of / s is given by tJic equation 

r=5d 4 sin 3 /. Then the maximum force exerted upon it during 

the motion is 

(A) 6 M 

(BJ 12 N 

(C) 9 N 

(D) 36 N ( J 

31. A cricket ball of mass ~ kg moving with u velocity of 20 m/s is 

brought to rest by a player in 1 s. The average force applied by 
the player is 

(A) 40 N 

(B) 400 N 

(C) 20 N 

(DJ none of the above ( ) 

32. A thin glass plate can bear the weight of 246 g. A body of certain 
mass is placed on the plate and it is lifted with an increasing 
acceleration. When the acceleration is 4 cm/s® and if g = 980 cm/s®, 
then the plate will be at the point of breaking if the mass of the 
body is just 

(A) 244 g 

(B) 245 g 

(C) 243 g 
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33, A body of mass 10 kg can be brought to rest by an application of a 
force within 12 s. Another force can bring the same body moving 
with double the velocity to rest in 3 s. The ratio of the second 
force to the first force is 

(A) 8:1 

(B) 1:8 
fC) 4:1 

(DJ none of the above ( ) 


34, A balloon of mass nn is rising in air with certain acceleration f. If, 
With the same volume of the balloon, its mass be reduced to tnz, the 
acceleration becomes three times its original acceleration. Then the 
ratio mi ' Wa is 


(A) 


J- S 

v-g 


(B) 

f- g 


(C) 


3/ f g 
f-^g 


(D) 3 


C ) 


ANSWERS 
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VI. Topic; Motion ttniJer connected f?y.stenis 

1. Two particles of masse.s mi and W 2 (TOi > nu) aie connected by a 
light incxtepsihle string which passes over a small smooth fixed 
pulley, Then the statement which is never true j.s tlmt 

(A) the tension of the siring is tlie same tlirougltout its length 

(B) accelerations nrthe particle.s are didcrcnt due to different 
ina.sse.s of the particles 

(C) accelerations of the panicles are the same 

(D) displacements of the particles after a particular time arc the 

same ( ) 


2, Two particles of masses mi and nij are connected by a light inexten- 
sible string, The mass nit is placed on a s'niooth horizontal table, 
the string passes over a light pulley at the edge of the table and the 
mass mi IS hanging freely. Then the tension T of the string is 


given 

by 

(A) 

j, (mi - nh) S 

mi + mil 

(B) 

T^. wifn* S’ 

mi + nil! 

(C) 

mi g 

ma (mi -I ma) 

(D) 

j,_ mi g _ 

mi + ma 


( ) 


3. Two particles of unequal masses are coaiiected by a light inexten- 
sible string passing over a smooth pulley, and allowed to Lang 
freely. The tension of the string is equal in magnitude to 

(A) the arithmetic mean of the masses of the particles 

(B) harmonic mean of tlie masses of the particles 

(C) the arithmetic mean of the weights of the particles 

(D) the harmonic mean of the weights of the particles ( ) 

4. Two weights of 1 kg and 3 kg are connected by a string over a 
smooth pulley, If the weight of the pulley is neglected, then the 
pressure with which the pulley is pulled down is 

(A) 3 g N 

(B) 4gN 

(C) 1 g N 
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5. In deducing the Formulawith usual notation m the 

motion under connected systems, the tension of the string is 
considered to be 


(A) zero 

(B) equal to g 

(C) constant throughout the string, but not necessarily equal to g 

(D) variable throughout the string ( ) 


6. Two masses m and 2 m are attached to the ends of a light mexten- 
sible string passing over a Small smooth fixed pulley, The thrust on 
^ the pulley is 


(A) greater than 3 mg 

(B) le,ss than 3 mg, but greater than mg 
CC) equal to 3 mg 

(D) equal to mg ( ) 


7. A particle of mass m is drawn upon a smooth incLned plane which 
makes an angle a. to the horizontal by a light inextensible string 
which passes over a smooth pulley at the top of the plane and has a 
mass jW hanging freely at the other end. The system starts from 
rest. The acceleration of the system is 


(A) g 


Af-hm _sin^ 

m—Af 


(B) g 


M+m cos « 
m~M 


(C) g 


M— m sin^ 


(D) g 


M—m sin C C 
m—M 


( ) 


8. Two masses each of 20 gms are connected by a light string passing 
over a smooth pulley. The mass which must be taken from one and 
added to another in order to give the system an acceleration equal 
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(A) -j™ gitis 

(B) -y gms 
CC) -y S'”® 

(D) 10 gms ( ) 

9. Two equal masses eaeli equal lo tu are connected by a string and 
hang over a pulley. If a mass mi ( < m) taken from one side of the 
pulley is added to the mass on the other side, then the pressure on 
the pulley 

(A) is decreased, but docs not vani.sU 

(B) is increased 

(C) remains constant 

(D) vanishes t ) 

10, Masses 3 JW and 5 Af arc connected by a string passing over a 
smootli pulley. At the end ol 8 s, a mass 2 M i.s picked up by the 
ascending body. After this 

2 

(A) the acceleration of the system is ^ times the original 

acceleration 

(B) the acceleration of the system is ~ times the original 
acceleration 

(C) the system stops 

(D) the system moves with uniform velocity ( ) 

11. Two masses of 1 kg each are connected by a string One mass is 
placed on a smooth horizontal table and the other is suspended 
freely m air, after passing over a pulley placed at the edge of the 
table. If the string is stretched throughout the journey, the force 
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(A) equal to its weight 

(B) Vs times its weight 

(C) half of its weight 

(D) none of the above ( ) 

12 A mass of 1 kg placed on a smooth horizontal table which is 3 m 
long is tied with a light iuextensible string parallel to the edge of the 
table. The string passes over a small smooth pulley fixed at an edge 
of the table and carries a vertically hanging mass of 100 g. Initially, 
the mass on the table is at a distance 2.5 m from the pulley. 

After jQQth of a second, the hanging mass suddenly falls off the 

string. Then the mass on the table ' 

(A) moves forward, but does not leave the table 

(B) moves backward, but does not leave the table 

(C) moves forward and leaves the table 

(D) moves backward and leaves the table ( ) 

13 A string passes across a smooth table at right angles to opposite 
edges. Two masses, F and Q (P > Q), hanging vertically are 
attached to the string at its two ends. If a mass M be attached to 
the portion of the string lying on the table, the acceleration of the 
system when left to itself will be 


(A) 

(P-Q)g 

p+e+M 

(B) 

(P+Og 

P+Q+M 

(C) 

Pg 


(D) 

Q 

P-t-Q+M 


( ) 


14. Two particles, A and. B, of masses 1 kg and 10 kg respectively are 
connected by a light inextensible string passing over a light smooth 
pulley at the edge of a smooth horigontal table, B lying on the table 
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(A) A can not move 

O' 

(B) A move* downwards with an acceleration m/s^ 

(C) A move* downwards with an acceleration -f- ra/s’ 

y 

(D) A moves downwards with an acceleration m/s’ ( ) 

IJ. Masses 2 kg and 6 icg are suspended by a light incxtensible string 
hanging around a pulley of negligible mass and the palley is placed 
on a light friclionless bar, the portions of the string on both sides 
of the bar being vertical. The whole system is now placed on one 
of the scale pans of a balance. When the motion ensues, the reading 
of the balance will be 

(A) 8 kg 

(B) 3 kg 

(C) 6 kg 

(D) none of the above ( ) 

16. Four identical blocks each of mass m are joined by strings and 
placed in a line on a smooth table one after another. If a force F 
is applied to the extreme right block, the tension of the string 
between this block and the adjacent block is 


(A) 

F 


(B) 

2^ 


(C) 



(D) 


( 1 


I7i A light string passing over a light smooth pulley carries masses 3 kg 
and 3 kg at its ends. The system is allowed to move from rest. If 
>«; ' . the string breaks after each mass has moved a distance of 9 m, then 
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lA) 

10 m 


(B) 

12 m 


(C) 

2.5 m 


(D) 

2.25 m 

( ) 


18 One end of a string passing over a pulley carries a load w N while 
from the other end, a monkey climbs up the string with a constant 
acceleration rising 9.8 m in 1 s keeping the load w N at rest. Then 
the weight of the monkey is 

(a) w N 


(B) ~N 

(C) 2 w N 

(D) 3 w N ( ) 

19 Two unequal weights are contained in scale pans connected by a 
string passing over a smooth pulley. If (he weights of the pans be 
negligible, then the pressure between each pan and the contained 
weight is 

(A) greater than twice the tension of the string 

(B) equal to the tension of the string 

(C) less than the tension of the string 

(D) twice the tension of the String ^ ) 

20 Two unequal masses connected by a string hang over a pulley. If 
the sum of the masses be constant and ify^be the acceleration of 
the system and T, the tension of the string, then 


21, 


(A) f increases with the increase in T 

(B) / decreases with the increase in T 

(C) f -I- T is independent of masses 

(D) the variation of/ does not depend on T 


A mass of 3 kg descending vertically draws up a mass of 2 kg 
means of a light string passing over a pulley. At the end of 5 s 


by 
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(A) nj upwards 

(B) ^2 downwards 

(C) *2 JB downwards 

(D) m upwards ( ) 


22. Two masses 10 kg and 5 kg are connected by a string. The smaller 
mass is placed on a smooth plane mclined at an angle of 30’ to the 
horizon and the string, after passing over a small smooth pulley at 
the top of the plane, supports the 10 kg mass, which hangs 
vertically. A force of 20 N is applied down the plane on the smaller 
mass so that it begins to move down the plane. If g“10 ra/s^ then 
the acceleration of the system down the plane is 


(A) 



(B) 

— g m/s* 


(C) 



(D) 

(“ "io )*"'»' 

( ) 


23. A mass mi is attached to one end of a light inexCensible string of 
tension T, which passes over a smooth fixed pulley and to the 
other end is attached a Smooth pulley of mass ma over which passes 
another string of tension 7i with mass mi and ntt at its ends. If 
the mass mi moves downwards, then the equation of motion of the 
mass mi is 

(A) ma/«r--2 7i 

(B) ma/=T —mig 

(C) m./=r—mag —2T, 
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24. A mass m is drawn up a smooth inclined plane of height h and 
length / by means of a string passing over the top of the plane, 
from the other end of which hangs a mass m . If m starts from the 
bottom and just reaches the top of the plane, m must be detached 
after m has moved through a distance 


(A) 

m + m 

m 

h! 

h+r 

(B) 

m 

hi 

m + m 

■ /! + / 

(C) 

m +m' 

m 

2lil 

h-+l 

(D) 

jn 

m + 'i.in 

hi 

■■ ■ h^l 


( ) 


25 Two smooth inclined planes of equal heights, whose inclinations to 
the horizon arc 30’ and 60° respectively are placed back to back. 
Two bodies of masses 6 g and 10 g placed on them respectively are 
connected by a light inextensible string which passes over a smooth 
pulley at the common vertex of the planes. Then the acceleration 
of the system is 


(A) -^(5 V3 4-3) m/s* 

(B) ^ (5 VS - 3) m/s* 

lo 

(C) (5-3 V3) m/s= 

(D) (5+3 V3) m/s* ( ) 


ANSWERS 

1. (B) 2. (B) 3. (D) 4. (A) 5. (C) 6. (B) 7. (C) 8. (B) 9. (A) 
10. (D) 11. (C) 12. (C) 13. (A) 14. (B) 15. (C) 16. (D) 17. (D) 
18, (B) 19, (B) 20. (B) 21. (D) 22. (B) 23. (C) 24. (A) 25. (B) 
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VIL Topfc . FrajeclUe* 

1 For a givea tioriKorifal range wnh a given veincuy of projeciion, the 
number of the angle* of projection will be 

(A! one 

(B) two 

(C) three 

(D) mare than three ( ) 

2 A projectile thrown at an angle of 25*’ hai. ;i certain range. The 
other angle of projection having tlic came range for the same 
velocity of projection will be 

(A) 20“ 

(B) 35 

(C) 65 

(D) 50 ( ) 

i A body I* projected with a velocity u at an angle a to the horizon 
At any instant t after start, the horizontal component of the 
acceleration of the body will be 

(A) gi 

CQ) ■ g 

(Cl 0 

(D) g 

4, A body is projected With a velocity w at an angle a to th e horizon. 
At any instant t after start, the vertical displacement of the body 
will be 

(A) W cos a , t 

(B) U sin m, . I 

(C) u sin a. . t -■ *- jT/® 
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5 A particle is projected with a velocity u at an angle a in a vacuum 
After time I. if P (x, p) be the position of the particle with reference 
to the co-ordinate axes through the point of projection, then its 
path IS given by the equation 

(A) y — u sin a — gt 

(B) y — n sin v t -- ^ gt^ 


(C) V = X tan a - - —g — 

2 ^ lP cos= a 

(D) I' - X tan a — ~ cos‘ a 

2 u‘ 


) 


6 Masses of four different bodies P, Q- P, S are 1 kg, 2 kg, 3 kg and 
4 kg respectively. P, Q, R, S are projected horizontally from a 
height of 40 m above the ground with respective speeds of 4 m/s, 
2 m/s, 3 m/s and 1 m/s. Then 

(A) S will reach the ground first 

(B) P will reach the ground first 

(C) Q and R will reach the ground first 

(D) all will reach the ground at the same time ( ) 


7. A body P is dropped from a height h while another body Q si 
projected in the horizontal direction from the same height with a 
speed u. The former takes ti s to strike the ground while the latter 
takes la s Then 

(A) Ii = /a for all values of u 

(B) /. > la for all values of u 

(C) ti < h for all values of u 

(D) ti = h only when h -■ 0 

li TIic path of a competitor in a broad jump will be 

(A) an arc of a circle 

(B) a part of a hyperbola 

(C) a parabola 
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9. With a gitctv vetociiy of projcciion in ali pussible directions in a 
vertical plane, the locus of Ihc foci of the parabolas is 

(AJ a parabola 

(B) a circle 

(C) a straiplu line 

(D) an ellipse ( ) 

10. With a given velocity of projection in all passible directions in a 
vertical plane, the locus of the vertices of all parabolas is 

(A) a parabola 

(B) a circle 

(C) an ellipse 

(D) none of the above ( ) 

11. A train is moving with a uiuTorm velocitj ol 72 km/h. A stone is 
thrown vertically upwards inside the train with a velocity of 20 m/s 
and it returns to the floor of the (rain. A passenger in the train will 
see that the stone describes 

(A) a straight vertical path 

(B) a parabolic path 

(C) an elliptic path 

(D) none of the above paths ( ) 

12. A body is projected upwards with a given velocity making an 

angle a with the horizon. When path of the projectile 

in vacuo is 

(A) a straight line 

(B) a parabola 

(C) one part of a hyperbola 

(D) none of the above 

13. A particle is thrown upwards with a certain velocity at an angles 

with the horizon. Then the heipn* j- • * - 
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(A) tan a 

(B) sin a 

(C) cos “ 

(D) none of the above ( ) 

H A particle is projected with a given velocity at an angle « with the 
horizon. With reference to the origin of co-ordinates at the point 
of projection, the only element of the path of the particle, which is 
independent of a, is 

(A) the length of the latus rectum of the parabola 

(B) tlie height of the directrix of the parabola from the origin 

(C) the distance of the vertex of the parabola from the origin 

(D) none of the above ( ) 


15 A gum can fire shots with velocity of magnitude u in all directions 
from a given position on a horizontal plane. All the shots will fall 
on the plane within a circle of minimum area 


(A) 

e 

(B) ^ 

(C) ^ 


CD) 


( ) 


16. Particles are projected from a given point simultaneously with a 
velocity of the same magnitude u in different directions in a vertical 
plane. At a particular instant t after projection, they will all be 

(A) on a parabola 

(B) on a circle of minimum radius ul 

(C) on a circle of minimum radius 

w* 

rn) on a circle of minimum radius — 
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17. A body is projected from ihc top of a tower. 19.6 rn high, with a 
horimntffll velocity 50 m/s. The horizontal displacement of the body 
in the ground will be 

(A) 80.4 m 

(B) 119.6 ro 

(C) 100 m 

(D) 19.6 m ( ) 


18. A particle is projected with a velocity v so that the range on a 
horizontal plane 1 . 1 : twice the greatest height attained. Then the 
range will be 


(A) 


16 ^ 
65 ‘ g 


(B) 



(C) 



(D) none of the above 


( ) 


19. A man can throw a stone over a maximum distance of 40 ro 
stone will rise to a maximum height of 

(A) 10 m 

(B) 20 m 

(C) 40 m 

(D) 80 m 


The 


( ) 


20. Four balls Si, Fa, Fa and Fi are projected with the same velocities 
at angles 10“, 25*, 30° and 60® respectively. The maximum 
horizontal distance will be covered by the ball 

(A) Fj 

(B) Ba 

(C) F, 
fni » 
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21 The greatest height to which a man can throw a stone vertically 
upwards is h. Then the greatest horizontal distance to which he can 
thi ow the same stone is 

(A) A 

(BJ h 

(C) 2 h 

(D) 4 /) ( ) 

22. The greatest horizontal distance to which a man can throw with a 
given initial Velocity is h. The greatest height to which he can 
throw the same stone vertically upwards with the same initial 
velocity IS 

h 

T 

h 

2 h 

4 /i ( ) 

23. The trajectory of a projectile thrown with a given initial velocity 

gives the maximum horizontal range, R. The greatest height 
attained by the particle projected with the same initial velocity 
will be 

CA) -f 

(B) A 

-(C) A 

4 

(D) ( ) 

4 

24. A particle is projected with a velocity of v m/s from a point on the 
ground so as to cover a maximum horizontal range. Then the 


(A) 

(B) 

(C) 

(D) 



in 
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(A) ^ m 

(B) - m 

s 

ir* 

(C) m 

(D) 0 m ( ) 

23. If hi and ht be the greatest heights in two paths of a projectile for a 
given range R and a given velocity of projection u, then R is 
equal to 

(A) VAi hi 

(B) 2 Vfhlh 

(C) 4VWt 

(D) none of the above ( ) 

26 The horizontal range and the time of flight of a projectile projected 
with a velocity u at an angle a to the horizon arc respectively R 
and T. Then the statement which is nor true is 

(A) 2 il tan « “» g r* 

(B) 2 «* “ + 2 u’ 008 2 « 

(C) JlTg* ■=" V* (cos « ~ cos 3 a) 

(D) JRg sec a cosec a 2 «“ ( ) 

27. For a projectile, if M is the greatest height, T, the tune of flight and 
V, the vertical component of the initial velocity of the projectile 
projected at an angle « with the horizon, then the relation between 
them is 

(A) HT 

(B) F « iff sin <s . r 

CC) ^ = F 
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2S. Two bodies are projected from the same point with the same initial 

velocity making angles ^ 8 and ~ -0 respectively with 

the horizontal. The horizontal ranges of the projectiles are Ri and 
respectively. If R be the maximum horizontal range, then Ri 
and arc connected by the relation 


(A) 

Ri 

- R, = ^ 


(B) 

R 2 

i 

1! 


(C) 

Ri 

— f?j 0 


fD) 

R, 

— Ri = R 

( 


29 A particle is projected with a velocity u at an angle with the 
horizontal. If R be the horizontal range and T be the time of 
flight, then a is given by 

(A) tan a = 


(Bj cot a 


Mil 

2R 


(C) tan a 


R 


CD) cot a 


R 

ST^ 


) 


JO. A shot IS seen to pass horizontally just over a vertical pole v/ 3 :x m 
high and 2 je m away from the point of projection. The angle of 
projection is 

(A) 30“ 

(B) 60° 

(C) tan“^ (^) 

(D) tan"^ (2V'3) ^ ^ 

A footballer kicks hall which just crosses a wall of height ^ m 
,_;_rr ,.,011 ie K m nwaw fi-nm fhe nlnvpr. the velocity 


31 . 



2^4 
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(At 

4 V g flflis 


m 

4 \'2r m/s 


to 

VlQgmh 


ID) 

4 \ 'ig m s 

( ) 


32 Twk rnaiscs arc projceWd iimuKancuusly each with velocity u from 
P and Q making angles of 4S and 135" respectively with PQ which 
IS fiori'/omal. Then they can never collide if 


(AS 

g 

> 1‘Q 

(fi) 

PQ 

2'^ 

g 

(C) 

PQ 

■ 


g 

(D) 

PQ 

> 


33. A cricket ball (hrovra from o height of 2 m at an inigle of 30" with 
the horizon is caught by the wicket keeper after 3 s at a height of 
50 cm from the ground. The velocity with which the ball is 


thrown is 


(A) 

28.4 

m/s 

(a) 

30.4 

m/a 

(C) 

16.5 

m/a 

(D) 

17.7 

m/s 


34 A stone is thrown horizontally with a velocity \/2 gh from the top 
of a tower of height The distance of the point where it strikes 
the ground from the foot of the tower i.s 

(A) h 

(B) \ 

(CJ Zh 
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35 A ball rolls oil the top of a stairway, which is marked as the Oth 
step, with a velocity of 2m/s Each step is 25 m high and ’25 m 
wide. The ball at first hits the nth step after rolling off the Oth 
■step where « is equal to 

(A) 2 

(B) 3 

(C) 4 

(D) none of the above ^ ^ 

36. If r s be the tune in which a projectile reaches a point P of its path 
and ti s be the time from P till it strikes the horizontal plane 
through the point of projection, then the height of the point P from 
the plane is 

(A) gtti 

(B) 

(C) gtilr~±t) 

(D) Lg , ( ) 

37. Two equal pari ides are projected, one vertically upwards and the 
other at an angle of 45° with the vertical. The gieatest height 
attained by the first particle is equal to 

(a) the maximum horizontal range of the second particle 

' (B) twice the maximum horizontal range of the second particle 

(C) half the maximum horizontal range of the second particle 

(D) one-third of the maximum horizontal range of the second 

particle ( ) 

38. The angle of projection for which the range on the horizontal plane 
will be hair of its maximum range will be 

(A) either 15° or 224° 

(B) either 15° or 60° 

(C) either 15° or 75° 



EUhMENTARY DYNAMICS 


2$>6 

39. \ man stands at a distance from his Cncnd and his friend throws 

a stone with a velocity u at an angle / to the horizon The man is 

tinsafc if 

(A) O ' < a. < 15 

(B) 15 ' < i < 30’’ 

(C) 30® < a < 45 

(D> a has sonic value or values other than above ( ) 

40. The line joining two points, A and Zt, is inclined at an angle « to 

the horizon. The ratio of the least velocity to shoot from A to B 
to the least velocity K' required to shoot from B to A is 

(A1 tan {-f -- f) 

(B) .ec(~^- - f) 

(C) tan[-J y] 

(D) tan[-^ -1 -;-] ( ) 

41. For a given velocity or projection, the ratio of the maximum range 
down a plane of inclination a to that up the plane is 

(A) 

1 + sin n 

(B) '~^^^•cos * 

1 —cos a 

(C) 

l~COS a 

(D) -L±l>" ? 

1—sin 't 
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